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Linh vue ky thuat dwoc dé cap

Sang ché dé cap dén thuc vat chuyén gen biéu hién gen van chuyén nitrat cai thién
dugc céc tinh trang, nhu kha ning sinh truéng va hiéu suét sir dung nito, phuong phap
san xuét thuc vat ndy va phuong phép cai thién kha nang sinh truéng va hiéu suit sir

dung nito cta thuc vét.
Tinh trang k§ thuit ciia sing ché

Ning suit cdy trdng trén thé giéi da tang dang ké trong nam thap ky qua chu yéu
nh¢ viée cai thién gidng cy trdng va sir dung nhiéu phan bén héa hoc, dic biét 1a phéan
dam (N)'2. Tuy nhién, hiéu suét sir dung phan dam ctia nhiéu cdy trong chi ndm trong
khoang tir 30% dén 50%*, phan con lai bj thit thoat vao moi trudng, dan dén nhidu tac
dong bat loi, nhu 6 nhifm khong khi va nguén nude va lam mét da dang sinh hoc™®. D3
uéc tinh dugc rang & Lién minh Chau Au, luong nito du thira trong mdi trudng hién tiéu
t6n tir 70 ty euro dén 320 ty euro mdi nim’. O Trung Québc, nang suat hat da ting trong
30 ndm qua cung véi viéc gidm manh hiéu suét sir dung nito tir 55 xudng dén 20kg hat/kg
phan dam dugc bon’. G Chau A, lta gao chiém hon 70% luong calo tiéu thu hang ngay
clia ngudi dan, tuy nhién véi viée dién tich dit néng nghiép ngay cang giam, thi nhu ciu
la gao ngay cang ting chi c6 thé duogc giai quyét biang cach ting ning suit.

Do d6, viéc x4c dinh cac budc then chbt trong kiém soét hiéu suit str dung nito
clia thuc vat ¢6 vai trd quan trong. Hiéu suét sir dung nito ¢6 thé duge xac dinh bing cach
1y ning suét hat chia cho luong nito c6 trong dét (bao gdm lwong nito con du trong dat
va trong phan bén). Do d6, hiéu sudt st dung nito ¢6 thé duoc phan thanh hai loai: hiéu
sudt hap thu (NupE; kha ning thuc vét hiit nito tir dit dudi dang nitrat va amoni) va hiéu
sudt hiru dung (NutE; kha ning st dung nito dé tao ra ning suét hat). Diéu nay dac biét
quan trong dbi véi cac loai cdy ngii céc ma cin bén lwong 16m phan dam dé dat duoc

ning suit cao nhét va hiéu suét str dung nito dugc uée tinh 1a nhé hon 50% (Hirel et al).

Nito (N) 12 ngudn dinh dudng thiét yéu cho su phat trién cia cdy trong do nguyén

t6 nay 1a thanh phan co ban cia nhidu hop chét hitu co, axit nucleic va protein. Nguén
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dinh dudng nito anh hudng dén toan bd céc chirc ning cta thuc vat, tir chuyén héa dén
phan phéi ngudn duy trit, sinh truéng, va phat trién. Ngudn dinh dudng nito phong phu
nhét ma r& thuc vat c6 thé hép thu dugc 1a nitrat (NO3) c6 trong dat thoang khi tu nhién,
nhd qué trinh nitrat héa phan hitru co va phan dam. Tréi lai, amoni (NH,") 13 hop chét nito

chinh c¢6 trong dAt ruéng ngdp nudc khong thoang khi (Sasakawa and Yamamoto, 1978).

Do d6, nito v6 co trong dt (N) ma thyc vét c6 thé st dung c6 mat dudi dang nitrat
trong d4t thoang khi va dét thoat nudc t6t va dudi dang amoni trong dét thoat nuée kém
va dit ngap nudc. O nhiéu thyc vat, nitrat hap thu béi ré duoc van chuyén dén chdi trude
khi duoc déng héa (Smirnoff and Stewart, 1985). Trai lai, amoni ¢6 nguén géc tr qua
trinh khir nitrat hodc hdp thu tryc tiép amoni dugc ddng héa cha yéu & 18, sau d6 dugc
van chuyén & dang hitu co dén chdi (Xu et al., 2012). DPé thich nghi v6i cac ndng do
nitrat khac nhau trong dat, r& ctia thuc vat da phat trién it nhit ba hé théng hip thu nitrat,
hai hé théng van chuyén 4i luc manh (HATS) va mét hé théng van chuyén &i luc thép
(LATS), thich hop dé hap thu nitrat (Crawford and Glass, 1998). HATS ciu tric
(cHATS) va HATS cam tng nitrat (HATS) c6 kha ning hip thu nitrat & ndng d6 thip
trong mdi trudng bén ngoai véi dd bao hda nam trong khoang tir 0,2 d&n 0,5mM. Trai lai,
LATS hép thu nitrat & ndng d6 cao hon trong mdi trudng bén ngoai. Qua trinh hép thu
béi LATS va HATS dugc diéu hoa béi céc gen véan chuyén nirat 14n luot thudc ho NRT1
va NRT2 (Forde, 2000; Miller et al., 2007). Qué trinh hép thu béi r& duge didu hoa boi
tin hi¢u phan hdi 4m, lién két biéu hién va hoat tinh hép thu nitrat v6i tinh trang nito cta
thue vat (Miller et al., 2007). Mot s chét chuyén hoa khéac clia nito duoc phat hién 13 cac
cam bién t€ bao cia tinh trang nito, bao gém glutamin (Fan et al., 2006; Miller et al.,
2008) va mot md hinh coi khoang du trit nitrat & ré 13 tin hiéu phan hdi vi thé tich céc

khoang nay téng theo tinh trang nito cta thyuc vat.

Mic du thuc vat bac cao c6 kha nang st dung nito hitu co, nhung nguén nito dugc
hép thu cht yéu béi ré lai 14 NO;™ va NH,". Thuc vit ¢6 kha ning thay di thich nghi
dang ké @ d4p (mg vdi hai ngudn nito nay. Mic da NH," 13 ngudn nito thich hop hon, do
qua trinh chuyén héa ciia n6 cén it nang lugng hon NOj5’, nhung rat it loai thuc vat c6 kha
nang hap thu t6t NH," khi n6 12 ngudn nito duy nhit. Vi du v& cic loai nay bao gbm cdy
14 kim phuong béc, céc loai d6 quyén, mét sb loai rau, va cay lua (Oryza sativa L.). Tréi
ngugc véi cac loai nay, hau hét cic ciy nong nghiép bj nhiém dbc nghiém trong véi

NH,", do d6 céc loai nay chi sinh truéng manh trén NO;". Tuy nhién, khi ca hai nguén
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nito nay dugc st dung déng thoi, thi kha ning sinh trudéng va ning sudt dugc cai thién

dang ké so v6i kha ning sinh truéng chi trén NH," hoic NO;™ (Kronzucker ef al., 1999).

Lia, ngudn cung cip luong thué chinh cho kﬁoéng 50% dén sb thé gi6i, khac véi
cac cdy luong thuc khic & chd c6 kha ning sinh truéng trén NH," nhu mét ngudn nito
duy nhit. Laa dugc gieo cy theo phuong phép truyén théng trong diéu kién dat ngip
nude khong thoang khi v6i ngudn nito chinh 14 amoni. Tuy nhién, cic té bao md thong
khi chuyén biét & r& lta c6 thé van chuyén oxy tir chdi dén ré va giai phéng oxy vao ving
r&, noi dién ra qu4 trinh bién @i amoni thanh nitrat (qu4 trinh nitrat hoa) boi vi khuin®.
Qua4 trinh nitrat héa trong ving r& ngp nudc c6 thé tao ra tir 25% dén 40% téng luong
nito duge cdy trong hip thu ¢ dang nitrat, cha yéu théng qua hé van chuyén 4i luc manh
(HATS)’. Qua trinh hép thu nitrat duoc didu hoa béi co ché ddng van chuyén véi proton
(H") dugc ddy ra khoi t& bao bdi H'-ATPaza & mang sinh chit'’. Co ché phan tir ciia qua
trinh hép thu va vén chuyén nitrat & cdy lta chua hoan duge dugc biét 5. Do néng do
nitrat & ving ré cta lia duge udc tinh 1a nh6 hon 10uM (Kirk and Kronzucker, 2005),
nén cac gen thudc ho NRT2 dong vai trd quan trong trong hip thu nitrat & cdy lua (Araki
and Hasegawa, 2006; Yan ef al., 2011). Ngoai ra, ré lta cé nhiéu mé théng khi dé van
chuyén oxy vao ving ré, tao ra qu4 trinh nitrat héa amoni bai vi khuan & bé mit r& (Kirk,
2003; Li et al., 2008). Do d6, c6 t6i 40% tdng lwong nito dugc hip thu béi ré laa trong
diéu kién dat ngap nudc cb thé & dang nitrat va tdc do hap thu c6 thé twong duong vdi tbe

do hép thu amoni (Kronzucker et al., 2000; Kirk and Kronzucker, 2005).

Céac nghién ctru phén tir va dién sinh ly cho thiy ring qua trinh hép thu nitrat
thong qua ca HATS 1dn LATS duogc didu hoa boi gen dong van chuyén proton/nitrat
(Zhou et al., 2000; Miller et al., 2007). O bd gen cla mu tac, cé it nhét 53 va 7 gen l4n
luot thudoc ho NRT1 va NRT2 (Miller et al., 2007; Tsay et al., 2007). Mot s6 gen thudc
ho NRT1 va NRT2 cta mu tac ¢6 chirc nang hép thu va van chuyén nitrat dac trung trén
quing duong dai. ANRT1.1 (CHL1) 14 gen chuyén cam bién déng vai trd 12 gen vén
chuyén nitrat i luc kép va gen cam bién v6i ndng d6 nitrat & méi trudng bén ngoai (Liu
and Tsay, 2003; Ho et al., 2009; Gojon et al., 2011), va gen van chuyén auxin & néng do
nitrat thip (Krouk et al., 2010). Trai lai, AtNRT1.2 (NTL1) la gen van chuyén nitrat 4i
luc yéu duoc biéu hién chu tric (Huang et al., 1999). AtNRT1.4 1a gen van chuyén nitrat
dugc bidu hién & cubng 14 va déng vai trd quan trong trong viéc diéu hoa cin bing nodi

md nitrat & 14 va su phat trién cta 14 (Chiu et al., 2004). AtNRT1.5 duoc biéu hién & té
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bao tru bi cia ré nim gin md gd va ¢6 chirc ning nap nitrat vao mé gd dé van chuyén
nitrat tir 1& dén chdi (Lin ef al., 2008). AENRT1.6 chi dugc bibu hién & mé sinh san va
tham gia vao qua trinh phan bd nitrat tir mé me dén phéi phét trién sém (Aimagro et al.,
2008). AtNRT1.7 ¢6 chirc ning nap nitrat vio mé libe d& cho phép van chuyén nitrat ra
khoi 14 gia va vao 14 non, cho thdy ring qu4 trinh t4i van chuyén vao-ra cta nitrat duoc
diéu hoa bdi md libe (Fan et al., 2009). ANRT1.8 dugc bidu hién chi yéu & té bao nhu
md gd nim trong hé mach va déng \}ai trd trong viée thu hi nitrat tir dich mé g8 (Li et
al., 2010). AtNRT1.9 tao diéu kién thuan lgi cho viéc nap nitrat vio md libe & ré, ting
cudng van chuyén huéng xubng dudi & ré, va gen bit hoat cia né lam ting van chuyén

nitrat tir 1& #én m6 gd & chdi (Wang and Tsay, 2011).

- Trong s6 7 gen thudc ho NRT2 & cdy Mu tac, cd AtNRT2.1 1An AtNRT2.2 déu 1a
cic gen bd tro cho iHATS (Filleur et al., 2001). Ngoai ra, hoat tinh vin chuyén cia
NRT2.1 cin c6 protein ddng véin chuyén thir hai NAR2.1 (hoic NRT3.1) & cdy M tac
(Okamoto et al., 2006; Orsel et al., 2006, Yong et al., 2010). Viéc lam bat hoat gen
AfNAR2.1 (thé dot bién atnar2.1) c6 nhiéu-anh hudng dén ca qua trinh hép thu nitrat &
ndng d6 nitrat thip 13n kha ning sinh treéng hon viée 1am bit hoat gen AINRT2.1 (thé
dot bién atnrt2.1), cho thdy AtNAR2.1 ¢6 cic chirc ning khac (Orsel ef al., 2006). Piéu
ngac nhién 13, AtNRT2.7 duoc biéu hién dic hiéu & mang khéng bao cla cic co quan
sinh san va kiém so4t luong nitrat & hat (Chopin et al., 2007). Gan ddy, ANRT2.4 dugc
phét hién 13 gen van chuyén nitrat mang phén sinh &i lyc manh dugc biéu hién & 16p biéu
bi ctia ré nhanh va nim & hodic nim gin mo libe cta chdi (Kiba ef al., 2012). AINRT2.4
tham gia vao qué trinh hip thu NO; boi r& & ndng do bén ngoai rt thip va nap NO; &

chdi vao mé libe va quan trong trong diéu kién ngheo nito (Kiba et al., 2012).

Trong bd gen cta lua, ndm gen NRT2 d3 duogc x4c dinh (Araki and Hasegawa,
2006; Cai et al., 2008; Feng et al., 2011). OsNRT2.1 va OsNRT2.2 c¢6 chung trinh tu
viing mi hoa giéng nhau véi cac ving khéng phién ma du 5' va 3' khac nhau (UTRs) va
c6 do tuong déng cao vGi gen NRT2 ctia cac thyc vat mét 14 mam khac, trong khi dé
OsNRT2.3 v OsNRT2.4 c6 méi lién hé di truyén gan hon véi gen NRT2 & Mii tac. ARN
thong tin mad héa béi OsNRT2.3 thuc t& dugc ghép ndi thanh hai san phim gen,
OsNRT2.3a (AK109776) va OsNRT2.3b (AK072215), véi do tuong dong cia cac trinh
tur axit amin ma hoéa boi hai san phdm gen nay bang 94,2% (Feng et al., 2011, Yan et al.,
2011). OsNRT2.3a duoc biéu hién chi yéu & r& va qué trinh ndy dugc ting cudng bing
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cach bén nitrat, trong khi 6 OsNRT2.3b dugc biéu hién yéu & ré va c6 tuong d6i nhiéu &
choi va dang va nong d9 nito khong anh hudng deén so lugng ban sao phién ma cta nd

(Feng et al., 2011, Feng 2012).

CN101392257 d& cip dén viéc phan tich biéu hién cia OsNRT2.3a va OsNRT2.3b
& cay lua va té bao trimg éch Xenopus va su biéu hién qua mtrc gen OsNRT2.3 & thuc
vat. CN101392257 khong hé dé cap dén viéc bidu hién riéng r& cia OsNRT2.3a va
OsNRT2.3b & cay lua, va ciing khong chi ra rang viéc biéu hién OsNRT2.3b & céc thuc
vét khong phai lta c6 khac biét dang ké v& ngudn nito sir dung c6 thé tao ra cac tac dung
co loi.

Van cdn c6 cdy trong c6 kidu gen cho hiéu qua dinh dudng cao hon ¢ dam bao
ning sudt va vin dé an ninh lwong thuc bén vimg trén toan ciu, dé giam chi phi va tac
dong tiéu cuc dén mdi trudng ctia phan bén héa hoc, nhu 6 nhiém ngudn khi, ngudn nude
va mét da dang sinh hoc. Sang ché dugc thuc hién nhim giai quyét cic van dé nay.

Baa chit k§ thujt ciia sang ché

~ Protein vén chuyén nitrat & cdy lia OsNRT2.3 c6 hai dang bién thé ghép nbi. Mot
sd prot(;in van chuyén nitrat cn dugc ma hoa béi hai gen dé c6 thé thyc hién chirc ning
véan chuyén nitrat; thanh phan thir hai ¢6 kich c& rit nhé (OsNAR2,) 14 can thiét dé hudéng
dich chinh x4c protein van chuyén ndy vio mang sinh chit. Bién thé ghép ndi thir nhit
OsNRT2.3a can phai c6 thanh phin thir hai nay dé thuc hién chtrc ning van chuyén
nitrat, trong khi d6 bién thé ghép néi OsNRT2.3b thi khéng cin. Céc tic gia sang ché da
kiém chimg duge ring viée bidu hién ca hai gen van chuyén nitrat ndy & té bao trimg éch
Xenopus cho thiy ring chi gen OsNRT2.3b 14 ¢6 vi tri diéu hoa nhay véi d6 pH nim &
phia bao twong cia protein ndy. Vi tri cam bién d6 pH nay duoc kiém ching bang dot
bién diém c6 dinh hudng ciia gbc axit amin histidin (H167R) & cdu tric cam bién do pH.
O cay laa, gen OsNRT2.3b ¢6 nhiéu & md mach, dic biét 13 mé libe. Do d6, cac tic gia
sang ché cho rang protein OsNRT2.3b tham gia vao qua trinh vén chuyén nitrat trén
quing duong dai trong thuc vat va mé libe ¢ vai trd quan trong trong viée diéu hoa do

pH & toan bd thuc vat.

Cac tac gia sang ché da biéu hién qua mirc mét cach doc 1ap ca hai gen
OsNRT2.3a va OsNRT2.3b va thé dot bién H167R cta OsNRT2.3b bang cach sir dung

vung khai dau cau tric khong dédc hi€u c6 ai lyuc manh (ving khéi dau 35S va viing khéi
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dAu ubiquitin) trén mot sb gibng laa & Trung Qudc. Céc tac gia sang ché da phét hién
thdy rang chi cac giéng lia biéu hién qua mirc OSNRT2.3b cai thién dugce déng ké kha
ning sinh truéng, hiéu sudt st dung nito va kiéu hinh do mtrc d6 hip thu cé nitrat 14n
amoni déu ting & cic gidng lta ndy. Céc gibng lua biéu hién qua mirc OsNRT2.3b ¢ kha
ning quang hd hép thip hon va kha ning didu hoa d6 pH (ham lugng sit va phosphat)
cao hon so v6i cac gidng lua dbi chimg va cc giéng lua biéu hién qua mirc OsNRT2.3a.
Céu tric cam bién d6 pH ciia OsSNRT2.3b ¢6 vai trd quan trong dbi v6i cac tac dung nay

& cdy lta bang céch lién hop trang thai 6 pH ctia laa véi dang nitrat duge bén vao.

Céc tac gid sang ché cling bat ngd phat hién thay rang OsNRT2.3b cling thé hién
cac chirc ndng néu trén khi dugce bi€u hién & cac thuc vat khdng phai 1a 1da, nhu mu tac,
lta my va thudc 14, mdc du cac thuc vat ndy cd su khéc bi€t co ban vé nguodn nito can st

dung.

Céc khia canh cu thé cta sang ché dugc mo ta chi tiét duéi ddy. Theo mét sd khia
canh, séng ché md ta phwong phép, viéc sir dung va thure vat, trong d6 thuc vat nay khong
phai 1 cdy Ita. Theo céc khia canh khac, sang ché mo ta phuong phép, viéc sir dung va
thuc vit, trong d6 qua trinh biéu hién axit nucleic OsNRT2.3b duoc diéu hoa bai ving
khéi dau dic hidu md libe. Theo céc khia canh khéc, sang ché mo ta phuong phap, viéc
st dung va thuc vat khong biéu hién axit nucleic ¢6 trinh tu nhu néu trong SEQ ID NO.2

hogc bién thé chlrc ndng ctia nd.
Muc dich ctia sdng ché 1a d€ cdp dén cac phuong an cu thé sau:

1. Phuong phép céi thién kha ning sinh trudng, ning suét, hiéu suét sir dung nito,
kha nang van chuyén nito, kha ndng chéng chiu véi diéu kién bét lgi vé nito, kha nang
chéng chiu dich bénh, kha nang séng s6t va/hodc kha ndng hép thu nito cda thuc vat bao
gém budce bién nap va biéu hién axit nucleic cu tric chira trinh tu axit nucleic ma héa
polypeptit ¢6 trinh tu nhu néu trong SEQ ID NO.3, bién thé chirc ning hodc thé tuong
déng ctia né dugc lién két didu khién véi trinh ty diéu hoa vao thuc vét, trong do khi trinh
tu axit nucleic ndy ma hoda polypeptit c6 trinh tu nhu néu trong SEQ ID NO.3, thi thuc
vat nay khong phai 12 cdy laa, va bién thé chirc ning hoic thé trong ddng cta axit nucleic

cau truc nay:

a) ¢6 ciu tric cam bién do pH bao twong c6 trinh tr nhu néu trong SEQ ID
NO.16;
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b) c6 dd twong ddng trinh tu it nhit bing 85% so véi trinh ty nhu néu trong SEQ
ID NO.1 hoac SEQ ID NO.3; hoac

¢) duoc chon tir trinh tir axit nucleic ma héa polypéptit c6 trinh tu nhu néu trong
SEQ ID NO.7, SEQ ID NO.9, SEQ ID NO.11, SEQ ID NO.13 va SEQ ID NO.15 hogc
trinh ty axit amin c6 d tuong dong trinh tur it nhit bang 90% so véi trinh ty nhu néu
trong SEQ ID NO.7, SEQ ID NO.9, SEQ ID NO.11, SEQ ID NO.13 hoiac SEQ ID
NO.15.

2. Phuong phap san xuét thuc vét chuyén gen c6 kha ning sinh truéng, ning suit,
kha nang van chuyén nito, kha ning hép thu nito, kha ning chéng chiu véi didu kién bt

lgi vé nito va’hodc hi¢u suat str dung nito duge cdi thién bao gom budc:

a) buée bién nap va biéu hién axit nucleic cdu triic chta trinh tu axit nucleic ma
héa polypeptit c6 trinh ty nhu néu trong SEQ ID NO.3, bién thé chirc nang hoic thé
tuong déng cia n6 dugc lién két didu khién véi trinh tu didu hoa vao thuc vat hodc té bao
thuc vat, trong do khi trinh ty axit nucleic ndy ma hoa polypeptit c6 trinh tu nhu néu
trong SEQ ID NO.3, thi thuc vat ndy khdng phai 13 cdy lta, va bién thé chirc ning hoic

thé tuong dong cla axit nucleic cau tric nay:

a) ¢6 cdu triic cam bién do pH bao twong 6 trinh ty nhu néu trong SEQ ID
NO.16;

b) c6 d6 twong ddng trinh ty it nht bing 85% so véi trinh ty nhu néu trong SEQ
ID NO.1 hodc SEQ ID NO.3; hodc

¢) dugc chon tir trinh ty axit nucleic ma hda polypeptit ¢ trinh tu nhu néu trong
SEQ ID NO.7, SEQ ID NO.9, SEQ ID NO.11, SEQ ID NO.13 va SEQ ID NO.15 hoidc
trinh ty axit amin c¢6 d¢ tuong déng trinh tu it nhit bing 90% so véi trinh ty nhw néu
trong SEQ ID NO.7, SEQ ID NO.9, SEQ ID NO.11, SEQ ID NO.13 hodc SEQ ID
NO.15.

3. Phuong phép diéu hoa can bing pH ndi méd hodc 1am gidm mirc d6 axit héa
trong thuc vét bao gém budce bién nap va bidu hién axit nucleic cu tric chira trinh ty axit
nucleic m3 héa polypeptit c6 trinh tyr nhu néu trong SEQ ID NO.3, bién thé chirc ning
hodc thé tuong d(‘“)ng ctia n6 dugc lién két didu khién voi trinh tu diéu hoa vao thuc vat,

va bién the chirc ning hodc the twong dong cua axit nucleic cau trac nay:
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a) c6 cdu tric cam bién d6 pH bao twong c6 trinh ty nhu néu trong SEQ ID
NO.16;

b) ¢6 d9 trong ddng trinh tu it nhit bing 85% so véi trinh tw nhu néu trong SEQ
ID NO.1 hodc SEQ ID NO.3; hodc

¢) dugc chon tir trinh tu axit nucleic ma hoa polypeptit ¢6 trinh tu nhu néu trong
SEQ ID NO.7, SEQ ID NO.9, SEQ ID NO.11, SEQ ID NO.13 va SEQ ID NO.15 hodc
trinh ty axit amin c¢6 do twong dong trinh tu it nhit bing 90% so véi trinh ty nhu néu
trong SEQ ID NO.7, SEQ ID NO.9, SEQ ID NO.11, SEQ ID NO.13 hodc SEQ ID NO.15

4. Phuong phap bién d6i kha ning véin chuyén nitrat va cén bing pH nbi mé cua
thuc vat, bao gdbm budc bién nap va biéu hién axit nucleic ciu trac chira trinh tu axit
nucleic ma héa polypeptit ¢6 trinh tir nhur néu trong SEQ ID NO.3, bién thé chiic ning
hodc thé trong ddng cia né duge lién két didu khién véi trinh tu diéu hoa vao thyc vat,
trong d6 axit nucleic nay chira dot bién & cu tric cam bién d¢6 pH VYEAIHKI (SEQ ID
NO.16).

5. Phuong phap cai thién kha ning sinh trudng, nang suit, hiu suit sir dung nito,
kha ning van chuyén nito, kha ning chéng chiu dich bénh, kha ning séng sét, kha ning
chdng chiu véi didu kién bét loi vé nito va/hodc hap thu nito cia thyc vat bao gdm budc
bién nap va biéu hién axit nucleic cdu tric chtra trinh tr axit nucleic ma héa polypeptit c6
trinh ty nhu néu trong SEQ ID NO.3, bién thé chirc ning hoic thé twong ddng ctia n6
dugce lién két didu khién véi trinh tir diéu hoa vao thyuc vat, trong d6 trinh tu diéu hoa nay
1a vung khéi dau clu trac hoic vung khai dau dic hiéu md libe, va thuc vat ndy khong

biéu hién qua mirc axit nucleic c¢6 trinh tyr nhu néu trong SEQ ID NO.2.

6. Phuong phap san xuét thuc vét chuyén gen c6 kha nang sinh truéng, nang sudt,
kha nang van chuyén nito, kha ning hip thu nito, kha ning chéng chiu véi didu kién bt
lgi vé nito va/hodc hiéu sut st dung nito dugc cai thién bao gém bude bién nap va biéu
hién axit nucleic cdu tric chira trinh ti axit nucleic ma héa polypeptit c6 trinh ty nhu néu
trong SEQ ID NO.3, bién thé chirc ning hodc thé twong ddng clia n6 dugc lién két didu
khién véi trinh tu diéu hoa vao thuc vat hodc t& bao thuc vat, trong d6 trinh ty diéu hoa
ndy 1a ving khéi ddu cdu trac hosic ving khéi ddu dic hiéu mé libe, va thuc vat ndy

khéng biéu hién qua mirc axit nucleic ¢6 trinh tir nhu néu trong SEQ ID NO.2.
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7. Phuong phép theo phuong 4n bt ky trong sb cac phuong 4n tir 1 dén 6, trong v

d6 trinh tu diéu hoa nay 13 ving khoi ddu dic hiéu mé libe.

8. Phuong phép theo phuong 4n 7, trong ving khéi dau dic hiéu mé libe ndy chira

axit nucleic c6 trinh ty nhu néu trong SEQ ID NO.5.

9. Phuong phép theo phuong 4n bt ky trong sb cic phwong 4n tir 1 dén 6, trong
dé6 thuc vt nay la cdy luong thuc dugce chon tir ngd, lua, lia my, cai dau, lua mién, dau
tuong, khoai tdy, ca chua, nho, lta mach, dau Ha Lan, ddu dd, dau rang ngua, rau diép,
- bong, mia dudng, ci cai dudng, bong cai xanh hodc cic loai rau cai khac hodc ciy

duong.

10. Thyc vét chuyén gen biéu hién axit nucleic cAu tric chira trinh ty axit nucleic
¢6 trinh tu nhu néu trong SEQ ID NO.1, bién thé chirc ning hoic thé twong déng clia n6
duoc lién két diéu khién véi trinh tu diéu hoa, trong do6 khi axit nucleic ndy cd trinh tu
nhu néu trong SEQ ID NO.1, thi thuc vat nay khong phai 14 cdy laa, va bién thé chuc

nédng hodc the tuong dong cla axit nucleic cau tric nay:

a) c6 cAu triic cam bién dd pH bao twong c6 trinh tw nhu néu trong SEQ ID
NO.16;

b) ¢6 d6 twong ddng trinh ty it nhit bing 85% so v6i trinh ty nhu néu trong SEQ
ID NO.1; hodc

c¢) dugc chon tur trinh ty nhu néu trong SEQ ID NO.6, SEQ ID NO.8, SEQ ID
NO.10, SEQ ID NO.12 va SEQ ID NO.14 hodc trinh ty axit nucleic c6 do tuong déng
trinh ty it nhat béng 90% so véi trinh tu nhu néu trong SEQ ID NO.6, SEQ ID NO.8,
SEQ ID NO.10, SEQ ID NO.12 hogc SEQ ID NO.14.

11. Thuc vat chuyén gen biéu hién axit nucleic cu trac chira trinh tu axit nucleic
¢6 trinh ty nhu néu trong SEQ ID NO.1, bién thé chirc ning hoic thé twong déng cia né
duogc lién két diu khién vdi trinh ty didu hoa vao thuc vét, trong d6 trinh trr diéu hoa nay
13 viing khoi d4u cAu trac hoic Vl‘mg‘ khéi dAu dic hiéu mé libe, va thuc vat nay khong

biéu hién qua muc axit nucleic ¢é trinh ty nhu néu trong SEQ ID NO.2.

12. Thyc vét theo phuong an 10 hodc 11, trong d6 trinh tr didu hoa nay 1a ving

khéi dau dic hi€u mo libe.
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13. Thyc vét theo phuong 4n 12, trong ving khai d4u dic hiéu mé libe nay chira

axit nucleic c6 trinh ty nhu néu trong SEQ ID NO.5.

14. Thyc vét theo phuong 4n 10 hodc 11, trong d6 thuc vat nay 1a cdy luong thuc
dugc chon tir ngd, lMa, lda my, cai dau, lta mién, dau tuong, khoai tay, ca chua, nho, laa
mach, ddu Ha Lan, ddu d6, déu rang ngua, rau diép, bong, mia dudng, cu cai dudng, bong

cai xanh hodc céc loai rau cai khic hodc cdy duong.
MO ta van tit cac hinh vé
Sang che dugc mo ta chi tiét hon thong qua cac hinh vé sau.

Fig.1 13 hinh v& thé hién kiéu hinh cta cic giéng lua Nipponbare biéu hién qua
mirc OsNRT2.3a va OsNRT2.3b.

Fig.1a 12 hinh anh thé hién c4c cdy lua thé hé T, trong trén dit thir nghiém & giai
doan sinh san dinh dudng (60 ngay). Fig.1b 13 hinh v& thé hién giai doan sinh san (120
ngay). Fig.1c 13 hinh anh thé hién két qua phan tich PCR dinh luong véi cac doan mdi
dic hiéu. Fig.1d 14 hinh anh thé hién két qua phén tich thdm tach Western véi khang thé
don dong dé xé4c dinh biéu hién protein. Fig.le 1a hinh anh thé hién két qua lai tai chd
ARN ¢ cay laa thé dai va cay lia b-S6 bréng mau do d6i chimg am, cac ky hiéu p: md
libe, x: mf)i gd; e: t& bao biéu bi; m: té bao diép luc. Mt cit ngang 13 manh cét co kich c&
tir 5 dén 6¢cm tir phan dinh 14 thir nhit cia cic cdy laa duge thé hién trong Fig.1a. Khung
ty 1€ = 10um.

Fig.2 1 hinh &nh thé hién két qua thir nghiém trén canh dong cia céc gibng lua thé
hé T, biéu hién qua mirc OSNRT2.3b.

Fig.2a 1a hinh anh thé hién qua trinh sinh trudng cia céc giéng laa biéu hién qua
muc OsNRT2.3b b-Ul, b-U2, b-S2 va b-S6 & céc ty 1€ phan dam khac nhau (Tur thang
5/2010 dén 10/2010, cac hinh anh dugc chup vao ngay ’16/09/2010) & trai thir nghiém
Changxing, Pai hoc Zhejiang. Viéce sir dung phan dam dugc thé hién & goc trai ciia mdi
hinh 4nh véi bang hiéu tiéng Trung Quc")c'v(’)r gitta canh ddng. Fig.2b 1a hinh v& thé hién
ning sut hat cua cac cdy lua dugc gieo trf“)ng trong céc diéu kién dugc thé hién trén
Fig.2a. Fig.2c 12 hinh v& thé hién hiéu suét st dung nito trong cic diéu kién duoc thé hién
trén Fig.2a. Fig.2d 1 anh chup thé hién thir nghiém trén quy mé 16n, 1.280 cay con cia

moi giong lha dugc trong vao dat rudng. Fig.2e 1a bi€u do the hién ndng suat hat cla cac
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ciy lta dugc gieo trng trong cic diéu kién duoc thé hién trén Fig.2d. Fig.2f 1a biéu d6
thé hién hiéu suit st dung nito ctia Hiéu sut sir dung nito cac cdy lua dugc gieo trdng
trong céc diéu kién dugc thé hién trén Fig.2d. Céc ky hi¢u Hi¢u suét sir dung nito: hiéu
sudt st dung nito = ning suét hat (g)/lugng phén dam d& bon (g). Céc tri s& = tri sb trung
binh + d6 léch chudn (n = 3). D4u hoa thi * ndm trén céc thanh db thi thé hién muc do
khac biét (*p < 0,05) giita cic gidng lia chuyén gen va gidng lta thé dai & cling ty 1& bén

phan dam dugc uéc luong bang phuong phip ANOVA.

Fig.3 1a biéu dd thé hién tic dung ciia qué trinh biéu hién qua mirc OsNRT2.3b
dén Iuu Jugng "NO;™ va 1°NH," bsi 1€, NO5"va NH," 6 md g8, 46 pH & m6 g6, muc do
axit hoa & mé libe & didu kién 2,5mM NO;™ hodc NH,". Fig.3a 14 biéu dd thé hién luu
lwong "N khi bén phan nitrat hodc amoni. Fig.3b 14 biéu d thé hién luu lugng NO; va
NH," khi bén phan nitrat hoélé amoni & md gd trong 24 giv. Fig.3¢ 12 biéu dd thé hién d6
pH trong dich mé gd khi bén phan nitrat hodc amoni. Fig.3d 13 biéu d6 thé hién mirc do
axit hoa & mod libe khi bén phan nitrat hodc amoni, dich mo libe dugc thu nhén béng
EDTA-Na,'®. Fig.3e 12 bidu d thé hién mirc d6 axit héa & md libe khi b6n phan nitrat
hodc amoni, dich mé libe dugc thu nhan béng con trung. Cac tri s6 = tri sb trung binh +
d6 1éch chuén (n = 5). D4u hoa thi * ndm trén cac thanh dd thi thé hién mic d6 khac biét
(*p < 0,05) gifra cac gidng lna chuyén gen va gidng laa thé dai & ciing phuong thirc xir 1y
dugc ude luong bang phuong phdp ANOVA. Céc bidu db tir trai sang phai lan luot thé
hién gibng lta thé dai, gibng laa b-Ul, gidng lta b-U2, gidng lta b-S2, va gidng lta b-S6

Fig.4 12 biéu d6 thé hién tic dung ciia qua trinh biéu hién qui mic OsNRT2.3b
dén muc d6 hip thu cic dang nito khac nhau & do pH = 4 va d6 pH =6. Cac biéu db tir
trai sang phai 14n luot thé hién gibng lta thé dai, gibng laa b-Ul, gidng laa b-U2, gibng
laa b-S2, va gidng lia b-S6.

Fig.4a 12 biéu dd thé hién mirc d6 hdp thu >N khi bon NH,’NOs. Fig.4b 1a bidu
dd thé hién luu Iugng N khi bén "NH,NO;. Fig.4c 12 bidu dd thé hién luu lugng N khi
bon 15NH415N03,.C2'1C tri s6 = tri sb trung binh + d¢ léch chuin (n=15).cacchircdia, b, c
ndm trén cac bidu @b cot thé hién mirc do khéc biét (p < 0,05) gitra cac giéng lua chuyén
gen va gidng lta thé dai & cing phuong thirc xir Iy dugc udc lwong biang phuong phép

ANOVA.
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Fig.5 1a 0 thi thé hién két qua phan tich chirc ning cta axit nucleic OSNRT2.3b &

te bao tring cuia éch Xenopus.

Fig.5a 1a dd thi thé hién dién cuc pH kép ding dé do do pH bao twong tir té bao
tring cua &ch Xenopus dugc ti€ém OsNRT2.3b, duge xtr ly véi 1mM nitrat (dd thi dugc
1am bong) va rira bang nude mubi do pH = 8,0 (dd thi mau xam). Fig.5b 12 dd thi thé hién
dién thé mang d8i véi 1mM nitrat (dd thi dugc lam béng) cho té bao trimg ctia éch
Xenopus biéu hién thé dot bién H167R ciia OsNRT2.3b. Fig.5¢ 1a biéu db thé hién mirc
d6 hép thu N-nitrat bsi té€ bao trimg éch Xenopus duge tiém véi nuée, ARN thong tin
ma hoa béi OsNRT2.3b va bién thé H167R ciia né. Fig.5d 1a biéu db thé hién mirc d6 hip
thu "N-nitrat b6i t& bao trimg éch Xenopus duge tiém véi nude va ARN thong tin ma
hoa béi OsNRT2.3b & cac dd pH bén ngoai khac nhau qua dém. Cac tri sé = tri sb trung
binh + dd léch chun (n = 15). Céc té bao nay dugc thir nghiém bang dién sinh ly dé
dam bao cac té bao van hoat dong sau khi 1. Déu hoa thi * nam trén cac thanh dd thij thé

hién murc d6 khéc biét (*p < 0,05) duge udc lugng bing phuong phidp ANOVA.

Fig.6 12 bidu db thé hién khéi luong twoi (Fig.6A), chiéu dai r& (Fig.6B), va ndng
do nitrat & md (Fig.6C) cua 3 gibng mu tac biéu hién qua mirc OsNRT2.3 so v&i gidng
mu tac thé dai . Cac biu db tir trai sang phai trén Fig.6C 1an lugt thé hién ndng d9 nitrat ’

& md r&/chdi cia cac giéng mu tac 23b.1, 23b.2, 23b.3, va gidng mi tac thé dai.

Fig.7 1a hinh 4nh thé hién két qua so sénh v& kiu hinh cua céc cay thude 14 bidu
hién qua mirc OsNRT2.3b va cay thudc 14 thé dai. Su khéac biét v& kha nang sinh trudng
clia cac giéng cay thudc 14 thé hé T; biéu hién qua mitc OsNRT2.3b trong chiu cat. Thé
dai: gidng Nicotiana tabacum 89, céc cdy thudc 14 thé hé T; dugc sinh trudng trong 2

thang trén méi trudng dinh dudng Hoagland ddy du ¢6 bd sung 10mM nitrat.

Fig.8 12 hinh anh th& hién két qua so sanh phan tich biéu hién ctia cic cdy thubc 14
bidu hién qua mic OSNRT2.3b va cdy thudc 14 thé dai. Fig.8A 13 hinh anh thé hién két
qua phan tich thdm tich Southern ciia gidng cdy thubc 14 Kpn I biéu hién qua muc
OsNRT2.3b, ADN ctia cac cay thudc 14 thé hé T, duogc phéan cit bﬁng enzym HindIIl-va -
mAu do Hyb dugc st dung dé lai hoa, trong d6 Ld: gen chi thi, P: miu dbi ching duong,
b-20 1a mAu dbi chirng 4m. Fig.8B 1a hinh 4nh thé hién két qua phan tich PCT dinh luong
ADN bb sung ciia cic gidng cay thudc 14 thé hé T1 biéu hién qua mirc OsNRT2.3b va cac
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doan mdi dic hiéu cho axit nucleic OsNRT2.3b dugc sir dung dé thuc hién phéan Ung
PCR.

Fig.9 12 biéu db thé hién sinh khdi va hiéu suét sir dung nito clia cac gidng cay
thudc 14 biéu hién qua miac OsNRT2.3b dugc sinh truéng trong chiu cét, trong d6 gidng
thé dai: gidng Nicotiana tabacum 89, cac ééy thubc 14 thé hé T, duoc sinh truéng trong 2
thang trén moi truong dinh dudng Hoagland dy du c6 bd sung 10mM nitrat. Hiéu suét
str dung nito = Sinh khéi/téng luong phan dam duge bon).

Fig.10 13 hinh v& thé hién ciu trac gen ctia OsNRT2.3a va OsNRT2.3b (SEQ ID
NO.2 va SEQ ID NO.1, peptit OsNRT2.3a va OsNRT2.3b 1a SEQ ID NO.3 va SEQ ID
NO.4). Phéan tich trinh ty ADN b@ gen OsNRT2.3 cho thdy doan intron cia OsNRT2.3b
nim giira doan c¢6 chidu dai + 190bp va doan c6 chiéu dai +280bp tir bd ba ma héa ATG
dé hoat hoa dich ma. Dbi v6i OsNRT2.3a, thi doan khong dich ma dau 5' c6 chiéu dai
42bp va doan khong dich ma dau 3' ¢6 chiéu dai 249bp va dbi véi OsNRT2.3b, thi doan
khong dich ma diu 5' ¢6 chiéu dai 223bp va doan khong dich ma du 3' ¢6 chiéu dai 316
bp. F ¢6 nghia 12 mdi xudi: dic hiéu cho OsNRT2.3b va R 1a mdi nguoc dic hiéu cho

OsNRT2.3b.

Fig.11 13 hinh &nh thé hién giéng lia Nipponbare thé hé T, biéu hién qua mirc
OsNRT2.3b dugc trdng & tinh Hai Nam, Trung Quéc. Fig.11a 13 hinh anh thé hién gidng
laa chiu min chuyén gen Nipponbare thé hé T, duoc gieo trong & trai thir nghiém Ledong
thudc Pai hoc Nong nghi€p Nanjing, tinh Hai Nam, Trung Quéc (12/2009 dén 4/2010).
Pidu kién dinh dudng cta dit trude khi bon phan bao gdbm lugng nito tong s6 (N): 1,0 +
0,2mg/g, lrong phospho téng sé (P): 0,4 + 0,Img/g, lugng kali tong sb (K) 39,5 +
2,3mg/g, néng d6 NaHCOs: 0,5mM, luong P hoa tan (P Olsen) 23,1 + 4,1mg/kg, 46 pH

cta dit: 4,4 + 0,5 (s6 lugng mau = 6). Hinh anh nay dugc chup vao ngay 28/02/2010 va
| cac cay laa dugc sinh trudng trong 75 ngay tir khi ndy mam trong diéu kién ham lugng
nito bing 75kg/ha. Fig.11b 13 hinh anh thé hién béng lua; Fig.11c 1a biéu dd thé hién
chiu dai bong Iua; Fig.11d va Fig.11e 1an lugt 12 biéu dd thé hién s6 lugng than cap mét
va sb lugng than cép hai; Fig.11f 1a biéu d6 thé hién ning suét hat. Céc tri sb = tri sb
trung binh + d¢ léch chuén (n = 10), d4u hoa thi * thé hién mirc d6 khéc biét giita cay

lta thé dai va cdy lta biéu hién qui mirc & murc ¥ nghia thdng ké 5% bang phén tich mot
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bién ANOVA. Céc bidu db tir trai qua phai 14n luot thé hién cac gibng laa thé dai, a-Ul,
a-U2, b-Ul, b-U2, b-S2, va b-S6.

Fig.12 13 hinh &nh thé hién kidu hinh cia cic gidng lia biéu hién qui muc
OsNRT2.3b va gibng lta thé dai WYJ7. Fig.12a 13 hinh anh thé hién céc cdy lia dugc
trdng thir nghiém trong chdu tai Pai hoc Néng nghiép Nanjing vao nim 2010. Céc giéng
laa thé hé T, 396-2, 369-1, 366-1 va 342-1 duoc biéu hién qua mic v6i OsNRT2.3b so
v6i gidng lna thé dai (WYJI7). Céc hat dugc gieo vao ngay 20/05 va hinh anh nay dugc
chup vao ngay 20/10 truée khi thu hoach; Fig.12 b 12 hinh &nh thé hién két qua thim tach
Southern clia cac cdy con thé hé T1. Sau d6, cac giéng lua 396-2, 369-1, 366-1 va 342-1
duoc dit tén lai 14 396, 369, 366 va 342 trong céc thir nghiém thuc hién trén giéng laa thé
hé T,; Fig.12¢ 14 hinh 4nh thé hién két qua phan tich PCR dinh lugng véi céc doan mdi
dic hiéu véi 260Chu ki PCR. Fig.12d 13 hinh 4nh thé hién két qua thir nghiém trén céc
gidng Ita thé hé T, & trai thir nghiém thudc Pai hoc Néng nghiép Nanjing (05/2011 dén
10/2011) véi lugng phan dam duge bon 1a 110kg/ha va 220kg/ha. Cac hat duqé gieo vao
ngay 05/05/2011, sau &(’) 100 ciy ma duoc trdng vao ruéng v6i 5 hang mdi hang 20 ciy
vao ngay 05/06 va duoc b tri ngdu nhién. Phan dugce bén nhu duge thé hién trén Fig.2.
- Hinh anh nay dugc chup vao ngay 10/10 trude khi thu hoach. Diéu’kién dinh dudng cia
dat truée khi bon phan bao gdm: lugng nito tong sé (N): 1,68 = 0,21mg/g, luong
phospho tdng s6 (P): 0,48 + 0,18mg/g, lugng kali téng s& (K): 46,47 + 2,85mg/g, ndng
d6 NaHCOj3: 0,5mM, luong P hoa tan: 38 + 2,1mg/kg, 40 pH cia d4t = 6,43 +0 28 (n
= 6); Fig.12e va Fig.12f 14 bidu do 14n luot thé hién ning suit hat va hidu sudt str dung
nito. Céc tri s6 = trj s6 trung binh + d6 léch chuén (n=3), déu hoa thi * thé hién muc d6
khac biét giita cdy laa thé dai va cdy lua bidu hién qua mirc & mitc y nghia théng ké 5%
bing phan tich mot bién ANOVA. Céac biéu db tir trai qua phai lan luot thé hién céc
gidng lua thé dai, 396, 369, 366, va 342.

Fig.13 1a hinh 4nh thé hién tic dung ciia sy biéu hién qua mirc axit nucleic trén
gidng lta thé dai YF47. Fig.13a 1a hinh anh thé hién dic tinh sinh truéng ciia gidng lua
thé dai YF47 va gibng la chuyén gen biéu hién qua mirc NRT2.3b (YF/NRT2.3b(0))
dugc tréng & trai thir nghiém Hai Nam thudc Pai hoc Nong nghiép Nanjing (12/2011 dén
04/2012). Cac hat dugc gieo vao ngay 10/12 va hinh anh nay dugc chup vao ngay 01/04,
15 ngay trude khi thu hoach; Fig.13b 13 hinh anh thé hién két qua phén tich PCR dinh

lwong v& murc d6 phién ma cia NRT2.3b & gidng laa thé dai YF47 va gidng lua chuyén
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gen. Fig.13c 14 hinh &nh fhé hién két qua thim tach Southern ciia giéng lua chuyén gen;
Fig.13d 1a biéu db thé hién nang suit hat/cay cla gidng lta thé dai YF47 va gibng laa
chuyén gen. Céc tri s = tri s§ trung binh + d6 léch chuén (n = 50). Diéu kién dinh
dudng cua dit trude khi bén phan bao gém: luong nito tdng s& (N): 1,5 + 0,2mg/g,
luong phospho tbng sb (P): 0,3 + O,lmg/g, luong kali téng sb (K) 3,5 £ 0,3mg/g, ndng
dd NaHCOj3: 0,5mM, lu’qng P hoa tan: 24,1 = 4,7mg/kg, d0 pH cda d4t=6,45 + 0,47 |
(n=9). Cac bibu dd tir trai qua phai 1an luot thé hién cac giéng lua thé dai, 296, 269,
266, 342.

Fig.14 13 hinh v& thé hién kidu hinh cua cac gidng Ita chuyén gen Nipponbare thé
hé Ts bidu hién qua mtrc OsNRT2.35. Fig.14a 1a hinh anh thé hién céc gibng lua chuyén
gen Nipponbare thé hé Ts b-S2 va b-S6 dugc gieo trdng & trai thir nghiém Ledong thudc
Dai hoc Nong nghiép Nanjing, tinh Hai Nam (12/2011 dén 04/2012), cac hat (300 hat)
duogc gieo vao ngdy 10/12. cac ciy ma (200 cdy) dugc cdy vao rudng vio ngay 05/01.
Hinh anh nay dugc chup vao ngay 13/04 trudc khi thu hoach. L6 rudng thir nghiém co
~ kich ¢& 20m x 25m, phén lan va phén kali dugc bén vao rugng véi ham lugng l4n luot
bing 60kg/ha va 110kg/ha trude khi cdy ma. Phan dam duge bén vao rudng & hai ham
luong biang 110kg/ha va 220kg/ha. Phan dam dugc bon 14n thir nhét v6i lugng bang 20%
lwong nito tdng sb trude khi cdy ma vao ngay 28/12. Phan dam dugc bon 14n thir hai vé6i
luong bang 40% lugng nito téng sb vao ngay 12/01. Phan dam dugc bén lan cubi clng

vao ngay 20/01. Fig.14b 1a biéu d thé hién ning suét hat.

Fig.15 12 hinh anh thé hién kiéu hinh ctia giéng laa Nipponbare thé hé F, (Q) x b-
S6 T5(3).

Fig.16 1 hinh 4nh thé hién sy khéc biét vé kiéu hinh giita cAc gidng lda biéu hién
qua mic OsNRT2.3b va gidng lua thé dai dugc trdng trong chdu thir nghiém cudi giai
doan sinh trudng. Thir nghiém nay dugc thuc hién theo céch thirc nhu duge mo ta trong
Bang 1 va qua trinh sinh truéng dugc quan sat & 76 ngay (Fig.16a); 84 ngay (Fig.16b); 88
ngay (Fig.16c¢); 98 ngay (Fig.16d); 120 ngay (Fig.16e) va 140 ngay sau khi ciy (Fig.16f).
Ning suit hat (Fig.16g), luong nio téng s (Fig.16h) va NUtE = khéi lugng hat/lugng
nito tdng s (Fig.16i) cta giéng lua thé dai, b-S2 va b-S6 dugc do riéng & 120 ngay va
140 ngay. Céc trj s6 = tri sb trung binh + d6 léch chuin (n = 10), d4u hoa thj * thé hién

mirc d6 khac biét gifra cdy lGa thé dai va cdy lua bi€u hién qua mirc & mic y nghia thong
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ké 5% bing phan tich mot bién ANOVA. Céc bidu db nay chi duge thuc hién véi giéng
laa thé dai va gidng lua b-S6 do hai giéng lia nay d& phan biét hon so v6i toan bd ba
gidng lua trén Fig.16. Do d6, vai den dugc st dung 1am phong chup va tach riéng cac
chiu tréng gidng laa thé dai va cac chiu gidng lta b-S6 khéi cic chau trdn giéng lia b-

S2, nam phia sau phong vai nay.

Fig.17 13 hinh anh th8 hién phuong phap 14y miu dich mé libe bing rly nau
(Nilapavata lugens). Cac cdy ma dugc trbng trong moi trudng nudc chira 1,25mM
NH4NO3 trong & tudn, sau d6 chuyén sang bon phan dam (N: 2,5mM NOs7; A: 2,5mM
NH,). Mdi ciy dugc dit trong binh dung tich 250mL chira dung dich dinh dudng IRRI
v6i 6 cdy duoc dit trong budng con tring & nhiét dd 26°C va 16 gid chiéu sang. Bay dén
mudi rdy ndu truéng thanh dugce chuyén nhiém vao mdi cdy khi bit dau bon phan dam.
Dich m0 libe tiét ra boi riy ndu duoc thu gom sau 24 gid, 48 gid bén phan dam. D pH &
dich mé libe dugc do bang vi dién cuc pH chon loc?; Fig.17ala biéu dd thé hién do pH
mo libe khi bon phén nitrat; Fig.17b 1a biéu d¢6 d6 pH mo libe khi bén phan amoni. Cac
tri s6 = tri s trung binh + d6 1éch chuén (n = 10), d4u hoa thi * thé hién murc d6 khac
biét gitta cdy laa thé dai va gibng lta b-S6 & mtc y nghia théng ké 5% bing phan tich
mot bién ANOVA. |

* Fig.18 1a hinh 4nh thé hién d6 pH khong bao & r& clia giéng lta b-S6 biéu hién qua
mirc OsNRT2.3b va gibng lta thé dai sau 72 gio bén phan dam. Cac cdy ma dugc sinh
trudng trong dung dich dinh dudng diy da chia 1,25mM NH4NO; trong 4 tudn, sau dé
chuyén sang bon phan dam (N: 2,5mM NO3’; A: 2,5mM NHy) trong 72 gio¢. Fig.18a la
hinh 4nh thé hién d pH khéng bao & ré laa. Sau 72 gi® bén phan dam, 1€ lGa dugc rira
bang cach nhing vao dung dich CaSO,4 0,2mM trong mot phut trude khi chuyén sang moi
truong thach'’. Céy lta nguyén ven dugc dit vio moi truong thach (0,9g/L, chia chét chi
thi pH (0,03g/L tim bromcresol”). b6 pH ban dau nim trong khoang tir 5,2 dén 5.3 tr
11:00 dén 11:30 sang, va céc ré lta duoc giit trong béng tdi bao phi bing khin gidy 4m
trén dia Plexiglas c6 kich c& 0,5x12x12cm?> va hinh 4nh dwoc chup sau 2 dén 4 gio tiép
xtc v6i méi trudng thach chira chét chi thi pH.; Fig.18b 1a hinh anh thé hién d6 pH khong
bao trén moi trudng thach sau khi cit bo r&; Fig.18c la dd thi thé hién su thay dbi do pH

trong thoi gian dai ctia moi trudng sinh trudng chira nudce trong qua trinh bén phan dam.
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Fig.19 12 bidu db thé hién ndng dd P va Fe & 14 cta gidng lua Nipponbare thé hé T,
biéu hién qua mirc OsNRT2.35 duge sinh truéng trong moi truong nudi ciy chira nudc
¢6 bd sung 1,25mM NH4NO;. Nong dd P va Fe tdng sé dugce do bang phuong phap ICP.
Bot nguyén lidu thuc vat da duge siy kho (0,05g) dugce phan giai bang 5mL H,SO, 98%
va 3mL hydro peroxit 30%. Sau khi 1am ngudi, miu di phén giai dugc pha lodng dén
100mL v6i nu6e vé tring. Nong d6 ion trong dung dich ndy dugc do bing ICP- OES
(Perkin Elmer Optima 2000 DV). Céc tri s6 = trj s6 trung binh + d6 1&ch chuin (n = 4),
dAu hoa thi * thé hién mirc d6 khac biét gitta ciy lia thé dai va cdy lta biéu hién qua mirc
& muc y nghia théng ké 5% bing phén tich mét bién ANOVA. Cac biéu dd tir trai qua
phai 14n Iugt thé hién ndng do P va Fe & 14 clia cdc giéng Ia thé dai, b-Ul, b-U2, b-S2,
va b-S6.

Fig.20 1a biu @b thé hién ndng do CO, trong qua trinh quang hop, ndng 46 CO,
ndi bao va ndng d6 CO, trong qué trinh hd hip & céc ciy lia biéu hién qua mirc
OsNRT2.3 so v6i cy lta thé dai. Nong d6 CO, trong qué trinh quang hop, ndéng d6 CO,
noi bao va ndng d6 CO, trong qué trinh hé-hip dugc do bing mdy phéan tich khi hong
ngoai Li-Cor 6400 nhu dugc mé ta néu trén*'. Fig.20a 13 biéu d6 thé hién ndng do CO2
tbng sb dwoc tinh bing thoi gian quang hop thyc té ciiviing 14 dugc do; Fig.20b 1a bidu db
thé hién ndng d6 CO2 ndi bao; Fig.20c 12 bidu db thé hién hé s hd hép thuc té (R,) dat
duoc qua trinh do CO, PIB & giai doan do dn dinh tir 100 dén 200 gidy sau khi tit 4nh
sang, theo Fig.4 cua tai liu Kebeish et al., 20077, Céc tri sb = tri s6 trung binh + d
1éch chuén (n=4), d4u hoa thj * thé hién muc d6 khéc biét gifra cdy lua thé dai va cay lua

bidu hién qua mtrc & murc y nghia thong ké 5% bing phan tich mot bién ANOVA

Fig.21 13 hinh anh thé hién cac gidng lia Nipponbare dot bién biéu hién qua mirc
OsNRT2.3b H167R. Fig.21a 12 hinh anh thé hién cac gidng lta d6t bién biéu hién qua
mirc OsNRT2.3b H167R OvH1, OvH2 va gidng lua thé dai trdng trong chu thir nghiém
(05/2012 dén 09/2012) toan bd cac hé théng gieo cdy 1a giéng nhu trong Bang 1. Hinh
anh nay duoc chup vao ngay 10/09; Fig.21b 1a biéu d6 thé hién ning suét hat. Céc tri sé =
tri s6 trung binh + d6 18ch chudn (n = 60); Fig.21c 12 hinh 4nh thé hién két qua phan tich
PCR dinh lIugng v6i cung doan mdi dic hiéu cho OsNRT2.3b, ma bao trum vj tri dot
bién; Fig.21d 12 hinh 4nh thé hién két qua phan tich thAm tach Southern.
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Fig.22 13 biéu dd thé hién mutrc d6 hip thu N-NH," béi té bao trimg éch Xenopus
duoc tiém véi nudc hodc ARN thong tin ma héa bdi axit nucleic OsNRT2.3b. 0,5mM

SN-NH,CI (% nguyén tir °N = 98%) duoc bd sung vio dung dich ND96 va té bao trimg -

&ch Xenopus dugc i qua dém (16 gid). Cac tri s6 = tri sd trung binh + d6 1éch chudn (n
=15).

Fig.23 13 hinh vé& thé hién thiét ké thir nghiém trén ddng rudng dugc thé hién trong
Fig.2a va Fig.2d. Céac thr nghiém trén déng rudng voi céac céy laa thé hé T, dugc thuc
hién & trai thir nghiém Changxing thudc Dai hoc Zhejiang. Déi v6i Fig.2a, cc cdy laa
duoc trong vao céc thira rudng bén phai véi 4 mic d§ bén phan dam: khdong bén phén
dam, 75kg N/ha, 150kg N/ha va 300kg N/ha; d6i voi Fig.2d, cic cdy lta dugc trdng vao
cac thira rl_l(f)ng bén trai va dugc bon phén dam véi lugng 75kg N /ha. Mai thtra rudng thir
nghiém cé kich ¢ 20 mx30 m va phan 1an va phén kali dugc bén vao rudng v6i ham
lwong 14n luot bing 60kg/ha va 110kg/ha trude khi ciy ma; Fig.23b 1a bang sb liéu thé
hién lugng phin dam dugc bon & mdi thira rudng; Fig.23c¢ 12 bang sb liéu thé hién sy bd
- trf c4c cay lda trén Fig.2a v6i ciing s luong hang va khoang cach gifta cic cdy nhu duoc -
thé hién trén Fig.23d; Fig.23d 1 bang s6 liéu thé hién sy b tri cic cy lta trén Fig.2d.

Toan bd cac thir nghiém duoc Lap lai 3 14n duge bd tri ngiu nhién.

Fig.24 14 bang sb liéu thé hién cac gen van chuyén nitrat NRT?2 gia dinh chtra céu

triic cam bién d6 pH dugc xac dinh trong axit nucleic OsNRT2.3b.
D#éu hoa thi * thé hién cac gen tiém ning nhét cho cic gen tuong déng OsNRT2.3.

Co s& dit liéu dé tra ciu: Cong cu tra ctu trinh ty Blast tir phytozome 9

http://www.phytozome.net/.
Co s& dit liéu dé tra ctru trinh tu gen cla lua my:
http://www.cerealsdb.uk.net/CerealsDB/Documents/DOC_search_reads.php.

Co s& dit litu dé tra ctu trinh tu gen cia lGa mach: http://webblast.ipk-
gatersleben.de/lia mach/.

Céc céu tric trao ddi anion protein mang (chtra gen cam bién @6 pH) dugc xéac
dinh béng http://www.bioinf.manchester.ac.uk/cgi-
bin/dbbrowser/fingerPRINTScan/FPScan_fam.cgi.
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Fig.25 1a biéu @6 thé hién tac dung ting cudng cén bang d6 pH & md libe cla su
biéu hién qua mic OsNRT2.3b. Thé dai: cdy Ita thé dai; b-S6: gidng lia biéu hién qua
mitc OsNRT2.3b; H167R: gidng lta bidu hién qua mic OsNRT2.3b H167R. Do pH dich
mo libe duge do bang dién cuc chon loc pH. Dich md libe dugc thu gom bing phuong
phép st dung ray nau (Nilapavata lugens). Cac ciy ma dugc trdng trong mdi trudng nude
chira 1,25mM NH,NO; trong 8 tudn, sau d6 chuyén sang bén phan dam (N: 2,5mM NO;’;
A: 2,5mM NH4"). Mbi cdy dugc dit trong binh dung tich 250mL chtra dung dich dinh
dudng IRRI v6i 6 cay duge dat trong buén_g con trung & nhiét do 26°C va 16 gio chiéu
sang. Bay dén mudi riy ndu truéng thanh dugc chuyén nhiém vao mbi cdy khi bit dau
b6n phan dam. Dich md libe tiét ra béi riy nau dwgc thu gom sau 24 git bén phan dam.
Céc két qua nay cho thdy do pH & mé libe ctia giéng lia thé dai va gidng laa H167R 13
gin bang nhau khi bén bang cac dang phan dam khéc nhau, tuy nhién do pH & md libe
ctia gidng lta b-S6 13 bing 7 khi bon phan dam nitrat, va gén bang dd pH trung tinh khi
bon ca hai dang phan dam.

Fig.26'1a bidu dd thé hién kha ning st s6t ctia gidng lta chuyén gen.

Fig.27 1a bidu dd thé hién sinh khdi ctia gidng lia my chuyén gen OsNRT2.3b.

Fig.28 13 hinh anh thé hién sy sinh truéng cla céc gidng lia my chuyén gen
OsNRT2.3b khi bén it va nhiéu phan dam.

M0 ta chi tiét sing ché

Sang ché s& dugc md ta chi tiét dudi ddy. Céc khia canh khac nhau cla sing ché
duge md ta chi tiét trong cac phdn mb ta dudi ddy. Mdi khia canh cu thé ¢6 thé dugc két
hop véi céc khia canh khéc trir khi ¢6 quy dinh khéc. Cu thé, ddu hiéu bat ky thé hién
khia canh wu tién hodc c6 1¢i theo sang ché c6 thé dugc két hop véi déu hiéu bat ky thé
hién khia canh wu tién hoéc c6 lgi khéc theo sang ché .

Trir khi c6 quy dinh khac, cac k¥ thudt thuc vat hoc, vi sinh vat hoc, nuo6i céy mo,
sinh hoc phén t, h6a hoc, sinh hdéa va k¥ thuat ADN tai td hop, tin sinh hoc da biét trong
linh vue nay duge st dung trong sang ché. Cac k¥ thust nay duge mo ta chi tiét trong cac
tai li¢u chuyén nganh.

Thuat ngt “axit nucleic”, “trinh tu axit nucleic”, “nucleotit”, “phén tir axit

nucleic” hodc “polynucleotit” dugc dung trong bdn mo ta dé chi phan tir ADN (vi du,
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ADN bb sung hoic ADN b gen), phan tir ARN (vi du, ARN théng tin), phan t¢ ADN
hoiac ARN téng hop, dot bién, c6 trong tu nhién, va cic déng déng cia ADN hoac ARN
duogc tao ra bing cac déng déng nucleotit. Axit nucleic co6 thé 1a phén t soi don hodc soi
kép. Vi du vé axit nucleic hogc polynucleotit ndy bao gbm, nhung khong chi gi¢i han &,
trinh ty ma hoa cua gen c4u trac, trinh tu khudn, va trinh tu diéu hoa khong ma héa ARN
thong tin hodc san phim protein. C4c thuét ngit ndy ciing dugc dung dé chi gen. Thuéat
ngit “gen” hodc “trinh tr gen” dugc dung trong ban mo ta dé chi axit nucleic ADN ¢6
chtre ndng sinh hoc. Do d6, gen ¢6 thé chita céc doan intron va exon nhu trong trinh tu b
gen, hodc cé thé chi chura trinh ty ma héa nhu trong ADN bd sung, va/hodc c6 thé chta

ADN bb sung két hop véi trinh tur diéu hoa.

Thuat ngit “polypeptit” va “protein” dugc ding thay thé cho nhau trong ban mo ta
dé chi polyme ¢6 chidu dai bét ky chtra céc axit amin dugc lién két véi nhau boi lién két
peptit.

bR

Thuét ngit “chuyén gen”, “gen chuyén” hodc “tai td hop” dugc ding trong ban mo
t4 dé chi trinh ty axit nucleic, cat-xet biéu hién, gen cdu triic hoic vecto chira trinh tir axit
nucleic hodc sinh vat dugc bién nap véi trinh ty axit nucleic, cat-xet biéu hién hoic vecto
theo séng ché, toan bd cac cu tric ndy dugc tao ra bang phuong phép tai td hop, trong

d6 mét trong hai:

(a) trinh tu axit nucleic mi hoa protein hitu ich trong cac phuong phép theo sang

ché, hodc

(b) trinh ty diéu hoa gen ma duogc lién két diéu khién véi trinh ty axit nucleic theo

sang ché, vi du vung khoi dau, hodc
(c)a)vab)

khong ndm trong méi trudng di truyén tu nhién ciia ching hogc da dugc cai bién
bang phuong phép tai to hop, vi du phuong phép cai bién dé tao ra dang thay thé, bd
sung, loai bd, ddo ngugc hodc chén mot hodc nhiéu géc nucleotit. Can hiéu réng moi
trudng di truyén ty nhién c6 nghia 13 vi tri trén nhiém sdc thé hogc bo gen tu nhién trong
thuc vat ban dau hodc c6 mit trong thu vién bo gen. Trong trudong hop cua thu vién bd
gen, t6t hon néu méi truong di truyén ty nhién cua trinh tu axit nucleic van duoc gitt lai,
it nhat 13 mot phin maéi trudng di truyén tw nhién cta axit nucleic duge gitt lai. Moi

trueong tu nhién gidi han trinh tu axit nucleic it nhét trén mot dau va co chiéu dai it nhét-
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bang 50 bp, tbt hon néu it nhét bing 500 bp, tdt hon nita néu it nhit bang 1000 bp, tbt
nhét néu it nhit bing 5.000bp. Cat-xet biéu hién cé trong tu nhién - vi du cat-xet két hop
¢6 trong ty nhién chtra ving khéi dau tu nhién cua trinh ty axit nucleic v6i trinh ty axit
nucleic trong rng ma hoa polypeptit hitu ich trong cdc phuong phéap theo sing ché, nhu
néu trén - 1a cat-xet biéu hién gen chuyén khi cat-xet biéu hién nay dugc cai bién bang
phwong phap khéng tu nhién, tdng hop (“nhan tao”), vi du phuwong phép dot bién gen. Vi
du vé cac phuong phap thich hop duge mé ta trong US 5,565,350 hoic WO00/15815

dugc két hop vao sang ché bang cach vién dan.

Do do, céﬁ hiéu ring thyc vét chuyén gen theo sang ché c6 nghia 1 axit nucleic
theo sang ché khong nim & vi trf tw nhién ciia no trong bd gen ciia thyc vat nay, va axit
nucleic ndy c¢6 thé dwoc biéu hién twong déng hodc khong twong ddng. Tuy nhién, thuat
ngit “chuyén gén” cling c6 nghia 1a khi axit nucleic theo cac phuong 4n khdc nhau cua
sang ché nam & vi tri ty nhién cia nd trong b gen clia thyc vat, thi trinh ty nay da duge
cai bién so véi trinh tu tu nhién, Vé/hoac trinh tu diéu hoa cua trinh ty ty nhién d3 dugc

~, 66

cai bién. T6t hon néu, can hi€u rang thuat ngit “chuyen gen” c6 nghia 1a axit nucleic theo
sang ché dugc biéu hién & vi tri khong tu nhién trong b gen, tirc 1 axit nucleic theo sang
ché dugc bi€u hién twong dong, hodc t6t hon néu, axit nucleic theo sdng ché dugc biéu

hién khong trong dbng.

Cc khia canh cia sang ché bao gbm k§ thuat ADN téi td hop va khong bao gdbm
cac phuong an chi dya trén viéc tao ra thuc vat bing phuong phap nhan gidng truyén

théng.

Peptit OsNRT2.3b duoc biéu hién theo sang ché co trinh tu nhu néu trong SEQ ID
NO.3. Theo sang ché, trinh tw axit nucleic SEQ ID NO.1 (OsNRT2.3b) ma héa polypeptit
SEQ ID NO.3 (OsNRT2.3b). Trinh tu axit nucleic SEQ ID NO.2 (OsNRT2.3a) ma héa
polypeptit SEQ ID NO.4 (OsNRT2.3a). Cac gen chu tric ¢6 trinh ty nhu néu trong SEQ
ID NO.67 ma twong duong véi ma truy cap sé AK072215 ctia OsNRT2.3b theo sang ché.
Khi d& cop dén axit nucleic ma hoa OsNRT2.3a, diéu ndy cfing dé cap dén ma truy cap sd

AK0109776 cia OsNRT2.3a nhu néu trong SEQ ID NO.68 theo sang ché.

Céc tac gia sang ché da kiém chimg duogc ring viée biéu hién qua miac OsNRT2.3
& cac gidng lua khac nhau da 1am ting ning suét hat 1én dén 40% va hi¢u suit str dung

nito dugce cai thién trong ca diéu kién bén it 13n bén nhiéu phin dam trong céc thi
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nghiém trén ddng rudng. Mirc d biéu hién gen hd hép giam & gidng lua biéu hién qua
mitc OsNRT2.3 cho thiy ring hiéu sudt quang hop duoc cai thién 1a yéu t6 tao ra ning
suét duoc cai thién. Pidu ngac nhién 13, cac gidng lta biéu hién qua mirc OsNRT2.3b, ma
da duoc kiém ching & ca mirc ¢ phién ma 1an ham luong protein (Fig.1c va Fig.1d), ¢6
kha ning sinh trudng cao hon gidng laa thé dai (Fig.1a va Fig.1b, Fig.11). Sinh khéi rom
| ra va chidu dai bong lta cia cic gidng laa biéu hién qua mic cao hon giéng lna thé dai
(Fig.11, Bang 2 va Bang 3). Do chiéu dai than cAp mot va cAp hai ting, nén téng s6 luong
hat/bong laa cao hon giéng laa thé dai (Fig.11, Bang 2). Trai lai, c4c gidng lua biéu hién
qua mic OsNRT2.3a khong c6 su khac biét v& céc tinh trang so véi gidng lia thé dai cho
di mac d0 biéu hién ARN thong tin OsNRT2.3a va ham lugng protein ting & cac gidng
laa chuyén gen (Fig.1c va Fig.1d, Fig.11).

Viéc biéu hién qua mac OsNRT2.3 ciing lam ting cén bing pH ndi mo, dén dén
1am ting murc do hép thu nito tdng sb, tich tu P va Fe. Cac két qua nay chung to ring viéc
két hop su hip thu nito, can bang pH ndi mo va hidu suit quang hop 1 yéu td quan trong

de cai thién hi€u suat st dung nito va nang suat.

" Do d6, cac tac gia sang ché da kiém chimg dugc ring OsNRT2.3b, bao gdm ca
OsNRT2.3a, c6 thé dugc st dung dé cai thién kha nang sinh truéng, nang suét, hiéu sudt
str dung nito va céc tinh trang khac khi dugc biéu hién & thuc vat. Theo do, theo mot sb
khia canh, sdng ché dé cap dén thuc vat chuyén gen, biéu hién axit nucleic c6 trinh tw nhu
néu trong SEQ ID NO.1 (OsNRT2.3b), bién thé chirc ning, mot doan hodc thé tuong
ddng ciia n6, nhung thuc vat nay khong biéu hién axit nucleic c6 trinh ty nhu néu trong
SEQ ID NO.2 (OsNRT2.3a) va cac phuong phép VE‘IVSIWI dung lién quan. Cu thé, sang ché
dé cap dén phuong phép cai thién kha ning sinh truéng, ning suét, kha ning vin chuyén
nito, kha niang chdng chiu dich bénh, hiéu suét sir dung nito va/hoic kha ning hép thu
nito, bao gém buéc bién nap va biéu hién axit nucleic cu tric c6 trinh tu nhu néu trong
SEQ ID NO.1 (OsNRT2.3b) dugc lién két didu khién véi trinh ty diéu hoa vao thuc vat,
trong do6 trinh tu diéu hoa nay 14 ving khéi dau ciu triic hodc ving khoi d4u dic hiéu mo
libe, va thyc vat ndy khong biéu hién qua mirc axit nucleic c6 trinh ty nhu néu trong SEQ

ID NO.2 (OsNRT2.3a).

Sang ché ciing bao gdbm mét khia canh khac. Nhu néu trén, qua trinh chuyén hoa

nito & cay lba 1a khac v6i qua trinh chuyén hoa nito & cac cdy trong quan trong khac.
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Péng ngac nhién, céc tic gia sang ché da phat hién thiy ring viéc biéu hién OsNRT2.3b
tir 1aa, 13 thue vat ma trai ngugc véi toan bd cac cdy tréng quan trong khac, cé kha ning
" sinh truéng manh trén NHjy, 1a hitu hi€u khi dugc biéu hién & céc loai thuc V-é,t khac ma
sir dung ngudn nito 13 NO5". Hon nita, biéu hién OsNRT2.3b & céc thuc vt khac tao ra
~ kidu hinh ¢6 loi ma c¢6 kha ning sinh trudng, ning suit va hiéu suét sir dung nito dugc cai
thién, khong chi & cay lua, ma cbﬁ & cac thuc vat khac. Do do, OsNRT2.3b tir 14a c6 thé
dugc st dung trong phuong phép cai thién kha ning sinh truéng, ning suit, kha ning
chbng chiu dich bénh va hiéu sudt st dung nito & thyuc vat theo sang ché. Vi du, viéc biéu
hién qui muc OSNRT2.3b & cy thudc 14 hodc & cdy lia my lam ting sinh khdi nhu néu
-trong cac vi vdu thuc hién séng c_hé.

Do d6, sang ché ciing d& cip dén thuc vat chuyén gen biéu hién axit nucleic c6
trinh ti nhu néu trong SEQ ID NO.1, bién thé chirc riéng, mot doan hoic thé twong ddng
ciia né dugce lién két didu khién véi trinh tu didu hoa & thuc vit, trong d6 khi axit nucleic
¢0 trinh tu nhu néu trong SEQ ID NO.1 hodc bién thé chac ndng hodc mdt doan cua nod
dugc biéu hién, thi thu’é vat nay khéng phai 14 cay laa va cac phuong phap va st dung
lién quan. Theo mdt phuong 4n, sang ché ciing dé cap dén thuc vét chuyén gen biéu hién
axit nucleic ¢6 trinh ty nhu néu trong SEQ ID vNO.l, bién thé chirc nadng, mot doan hodc
thé tuong dong ctia n6 dugc lién két didu khién véi trinh tw didu hoa & thue vat, trong d6
thuc vat nay khong phai 12 cdy laa. Sang ché ciing dé cip dén phuong phap cai thién kha
ning sinh trudng, ning suit, hidu sudt sir dung nito, kha ning hdp thu nito, kha ning
chéng chiu véi diéu kién bét loi vé nito, kha nang chéng chiu dich bénh Va‘l/hbaflc kha nang
van chuyén nito ctia thuc vat, bao gdm budc bién nap va biéu hién axit nucleic cAu trac
co trinh tu nhu néu trong SEQ ID NO.1, bién thé chuc niang, mot doan hodc thé tuong
d@)ng ctia né duge lién két diéu khién vé6i trinh tu didu hoa vao thuc vat, trong d6 khi axit
nucleic ¢o trinh ty nhu néu trong SEQ ID NO.1 hoac bién thé chirc ning hoic mdt doan
ctia n6 duge biéu hién, thi thuc vat nay khong phai 13 ciy laa. Theo phuong 4n wu tién,
sang ché @& cap dén phuong phép cai thién kha ning sinh truéng, ning sut, hiéu suit sir
dung nito, kha ning hip thu nito, kha ning chéng chiu véi didu kién bét lgi v& nito, kha
ning chdng chju dich bénh va/hodc kha ning van chuyén nito ciia thuc vat nay khong
phai 13 cay lua, bao gém budce bién nap va biéu hién axit nucleic ciu trac c6 trinh tu nhu
néu trong SEQ ID NO.1, bién thé chirc nidng hodc mdt doan cua n6 duge lién két diéu

khién véi trinh tu di€u hoa & thuc vat nay.
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‘Theo mdt khia canh khac, sang ché @ cip dén phuwong phap cai thién kha ning
sinh truéng, nang suét, hiéu sut st dung nito, kha néng hép thu nito, kha ndng chéng
chiu dich bénh, kha nidng chéng chiu véi diéu kién bét 1gi vé nito Vz‘i/hoéc kha ning véan
chuyén nito cta thuc vat, bao gdm budc bién nap va biéu hién axit nucleic cdu tric c6
trinh ty nhu néu trong SEQ ID NO.1, bién thé churc nang, mdt doan hodc thé tuong déng
ctia n6 duge lién két diéu khién véi trinh ty didu hoa & thuc vat, trong d6 thuc vat nay
khong phai 1a céy lua.

Theo mdt khia canh, séng: ché @& cap dén phuong phap cai thién kha ning sinh

trudng cua thuc vat, bao gbm budc bién nap va biéu hién axit nucleic ciu trac ¢6 trinh tur
| nhu néu trong SEQ ID NO.1, bién thé chirc ning, mot doan hoic thé twong ddng clia n6
duoc lién kbt didu khién v6i trinh tu didu hoa vao thyuc vat, trong d6 khi axit nucleic nay

¢6 trinh ty nhu néu trong SEQ ID NO.1, thi thyc vat nay khong phai 1a cay lua.

Theo mdt khia canh khéc, sang ché d& cap dén phuong phép céi thién ning suét
cua thuc vat, bao gém budc bién nap va bidu hién axit nucleic cAu tric co trinh ty nhu
néﬁ'trong SEQ ID NO.1, bién thé chirc héng, mdt doan hoic thé twong ddng ctia n6 duge
lién két didu khién v6i trinh tu diéu hoa vao thuc vat, trong d6 khi axit nucleic nay co

trinh ty nhu néu trong SEQ ID NO.1, thi thyc vét nay khong phai la cay lda.

Thuat ngit “ning suét” dugc dung trong ban mo ta dé chi mot hodc nhiéu dic tinh
khong han ché bao gdm: thoi gian trd bong sém, sinh khéi (sinh khéi thuc vat (sinh khéi
r& va/hoic chdi) hodc sinh khéi hat/hat giéng), nang suét hat/hat giéng, kha ning sdng st
va hiéu suit ndy mim cta hat/hat giéng, kich c& hat/hat giéng, ham lugng tinh bdt cua
hat, strc khoe céy tréng ban dau, d6 phu xanh, tdc do sinh trudng tdng, cham 130 héa mod
diép lyc. Thuét ngir “ning sudt” dugc ding trong ban mo ta ciing dé chi san phdm cb gia
tri kinh t& c6 thé do dugc cta cdy tréng, khu vuc va khoang thoi gian cu thé. Cac bd phan
riéng bi¢t cua thuc vat gép phé‘m truc tiép tao ra nang suét dugc dua trén ) lugng, kich
c¢& va/hoic khéi luong cﬁa chiing. Niang suét thyc t& 13 ning sut tinh trén mot m, cho
mdt cdy trdng trong mot nam, duoc x4c dinh bing cach 14y ning suit téng s6 (bao gdm
ca nang suét thu hoach 1in ning suét gieo trong) chia cho dién tich gieo tréng tinh bang

2
m.

Do d6, theo sang ché niang suat bao gom mdt hodc nhicu déc tinh va c6 thé dugc

do bang cach danh gia mot hodc nhiéu dic tinh: ning sudt hat ting/thyc vat, tdc do tram
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day hat tang, sb luong hat dwoc tram ddy ting, ning sut thu hoach ting, hiéu suét nay
mam/sbng sét tang, ting sb lugng hodc kich ¢& hat/qua nang/vé qua/hat gidng, kha ning
sinh trudng ting hodc kha nang dé nhanh tang, vi du cum hoa véi nhiéu nhanh, sinh khéi -
tang hodc sb luong hat gibng dugc tram ddy ting. Tét hon néu, ning suét ting bao gdm
ting sd luong hat giéng/hat/qua nang/vé qua, sinh khéi ting, kha ning sinh trudng ting,
ting sb lugng co quan tao hoa va/hodc hoa ting d nhanh. Muc ting ning suit so véi

thuc vét ddi ching.

Vi du, muc ting nidng suét bﬁng 2%, 3%, 4%, 5% dén 50% hodc cao hon so véi
thuc vat dbi chimg, vi du it nhit bing 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45% hodc
50%. |

Thco mot khia canh khéé, séng ché dé éép dén phuong phép cai thién hiéu sut sir
dung nito cta thyc vat, bao gém bude bién nap va biéu hién axit nucleic ciu tric c¢6 trinh
ty nhu néu trong SEQ ID NO.1, bién thé chirc ning, mot doan hoic thé twong dong cla
n6 duge lién két diéu khién vé6i trinh tu didu hoa vao thuc vat, trong d6 khi axit nucleic
nay c6 trinh ty nhu néu trong SEQ ID NO.1, thi thuc vét nay khong phai 1a cay lua. Theo
mot khia canh khéc, sang ché dé cip dén phuong phap cai thién hidu suit st dung nito
cta thuc vit, bao gdbm budc bién nap va biéu hién axit nucleic ciu tric co trinh tu nhu
néu trong SEQ ID NO.1, bién thé chirc ning, mdt doan hodc thé trong ddng clia n6 dugc
lién két didu khién v6i trinh ti diéu hoa vao thuc vat, trong d6 thuc vat ndy khong phai 1a
cay lua.

Theo mot phuong 4n, phuong phéap nay cai thién hidu suét nito khi bon nhiéu phan
dam. Theo mdt phwong 4n khac, phuong phép nay cai thién hiéu sudt nito khi bén it phan

dam.

Hiéu sudt sir dung nito c¢6 thé duoc x4c dinh bing cach ldy ning suit hat chi cho
lwgng nito ¢6 trong dét (bao gdbm hrong nito con du trong d4t va trong phan bén). Hiéu
suét st dung nito téng sb cuia thyuc vat bao gém ca hiéu suit hép thu 14n st dung va cé thé

duge tinh 13 UpE.

Vi du, mirc d6 tang hidu suét sir dung nito bang 5% dén 50% hodc cao hon so v&i
thuc vét dbi chimg, vi du it nhit bing 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45% hodc
50%.
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Theo mdt khia canh khac, sang ché dé cdp dén phuong phép ci thién kha ning
hép thu nito cta thuc vat, bao gdm budc bién nap va biéu hién axit nucleic cdu tric c6
~ trinh tg nhu néu trong SEQ ID NO.1, bién thé chirc ning, mdt doan hoic thé trong dfﬁng
- cta nd dutqc lién két didu khién véi trinh ty diéu hoa vao thuc vit, trong d6 khi axit
nucleic nay ¢6 trinh ty nhu néu trong SEQ ID NO.1, thi thuc vat nay khong phai 1a cay
laa. Theo mot khia canh khéc, sang ché @& cap dén phuong phép cai thién kha ning hép
thu nito ctua thuc vat, bao gém budc bién nap va biéu hién axit nucleic céu tric cé trinh
tu nhu néu trong SEQ ID NO.1, bién thé chiic ning, mot doan hoic thé tuong déng clia
né duge lién két didu khién véi trinh tu didu hoa vao thuc vat, trong d6 thyc vat nay
khong phai 1a cdy laa.

Vi dy, mirc ting kha ning hip thu nito béng 10% dén 50% hodc cao hon so véi
thyc vat d6i chimg, vi du it nhat bang 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45% hoic
50%.

Theo mot phuong 4n cia céc phuohg phap khéc nhau theo sang ché dé cai thién
hiéu suit stir dung nito, kha ning sinh truéng, ning suét, kha ning hip thu nito va/hoic
van chuyén nitrat, cic tinh trang nay ting trong cac diéu kién khic nghiét, vi du diéu kién
nghéo nito.

Theo mot khia ce_inh khéc, sang ché @ cép dén phuwong phap cai thién kha ning
chdng chiu v6i didu kién bt 1oi v& nito cia thye vét, bao gdm buéc bién nap va biéu hién
axit nucleic cdu tric c6 trinh tu nhu néu trong SEQ ID NO.1, bién thé chirc ning, mot
doan hodc thé tuong déng ctia nd dugc lién két diéu khién véi trinh tu diéu hoa vao thuc
vat, trong d6 khi axit nucleic nay c6 trinh tu nhu néu trong SEQ ID NO.1, thi thuc vat
nay khong phai 1a cdy lta. Theo m¢t khia canh khac, siang ché dé cép dén phuong phap
cdi thién kha nang chéng chiu véi diéu kién bét loi vé nito cia thuc vat, bao gf‘)m budc
bién nap va biéu hién axit nucleic ciu triic c6 trinh ty nhu néu trong SEQ ID NO.1, bién
thé chirc niang, mot doan hozc thé trong déng ctia n6 dugc lién két diéu khién véi trinh t
diéu hoa vao thuc vat, trong do thuc vét nay khong phai 1a cay lua.

Theo mot khia canh khac, sang ché dé cap dén phuong phép cai thién kha ning
véan chuyén nito cia thuc vét, bao gdm budc bién nap va biéu hién axit nucleic cdu tric
c6 trinh tgy nhu néu trong SEQ ID NO.1, bién thé chirc ndng, mdt doan hodc thé tuong

dong ctia n6 dugc lién két diéu khién véi trinh ty dicu hoa vao thyuc vat, trong do khi axit
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nucleic nay ¢6 trinh ty nhu néu trong SEQ ID NO.1, thi thuc vat nay khong phai 1a cay
laa. Theo mdt khia canh khac, sang ché d& cdp dén phuong phép cai thién kha ning van
chuyén nito cua thuc véat, bao gém bude bién nap va biéu hién axit nucleic cAu tric co
~ trinh ty nhu néu trong SEQ ID NO.1, bién thé chic ning, mdt doan hoic thé tuong déng
ctano duogc lién két didu khién v6i trinh tu diéu hoa vao thuc vit, trong d6 thuc vat nay
khong phai 14 cay lua.

Theo mot khia canh khéc, sang ché dé cap dén phuong phap cai thién kha ning
chéng chju dich bénh va/hoic kha ning sdng st cia thyc vat, bao gdm budce bién nap va
bidu hién axit nucleic cdu triic ¢6 trinh tr nhu néu trong SEQ ID NO.1, bién thé chirc
nang, mot doan hodc thé tuong dE‘)ng clia né duoc lién két didu khién Véi trinh t diéu hoa
vao thyc vat, trong d6 khi axit nucleic nay c6 trinh ty nhu néu trong SEQ ID NO.1, thi
thuc vat nay khong phai 1a cay lua. Theo mot khia canh khéc, sang ché @& cap dén
phuong phap céi thién kha ning chdng chiu dich bénh va/hodc kha ning sdng s6t cla
thuc vét, bao gém bude bién nap va biéu hién axit nucleic cu tric ¢6 trinh ty nhu néu
trong SEQ ID NO.1, bién thé chirc ning, mot doan hodc thé twong ddng ctia né dugc lién
két didu khién vdi trinh tu didu hoa vao thuc vat, trong d6 thuc vat nay khong phai 1a cay

Iaa.

Vi du v& dich bénh bao gdm bénh héo vang. Céc dich bénh khéc da biét trong linh
vire ndy cling nim trong pham vi ctia sang ché.

Thuét ngt “yéu t§ didu hoa”, “trinh tu diéu hoa”, “trinh tu diéu khién” va “ving
khéi dAu” dugce dung thay thé cho nhau trong ban mé ta dé chi trinh tu axit nucleic diéu
hoa c6 kha ning anh huéng dén su bidu hién cia trinh ty ma ching gdn vao. Thuat ngit
“ving khéi ddu” duge ding trong ban mé ta dé chi trinh tur axit nucleic diéu khién nim
trude diém khoi ddu phién ma cta gen va tham gia vio viéc nhén dién va gin két ARN
polymeaza va cac protein khac, nhd d6 diéu khién duge qua trinh phién ma axit nucleic
duogc lién két didu khién. Cac thudt ngit néu trén ciing dwoc ding trong ban mo ta dé chi
trinh tr diéu hoa phién ma c6 ngudn gbe tir bd gen clia sinh vat nhan that c¢b (bao gdbm
hop TATA ma cin dé khai dong phién ma chinh xac, c6 hodc khong trinh tu hdp
CCAAT) va céc yéu td didu hoa bd trg (tirc 13 trinh tu hoat héa nam trude, ving ting
cudng va ving bt hoat) ma bién d6i biéu hién gen theo dép tmg véi kich thich phét sinh

va/hodc kich thich tir bén ngoai, hodc theo co ché dic hiéu mé. Thuit ngir néu trén ciing
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dugc ding trong ban mé ta d& chi trinh tur diéu hoa phién mi ciia gen & sinh vat nhan so
cb, bao gdm trinh tu hop -35 va/hodc trinh tyr diéu hoa phién ma hop -10. Thuat ngit “yéu
t6 didu hoa” ciing duoc ding trong ban md t4 dé chi phan tir dung hop tdng hop hoic din
xuét ma tao ra, hoat héa hoic ting cudng biéu hién phan tir axit nucleic & t& bao, md hodc
co quan. Hon nira, thuat ngit “yéu té didu hoa” ciing ducyc ding trong ban md ta dé chi
céc trinh ty ving két thuc phién ma nim sau. Ving két thic phién ma 13 mot doé,m cla
trinh ty axit nucleic ma d4nh ddu diu tin ciing gen hoic operon trong ADN bo gen trong
qua trinh phién ma. Ving két thic phién ma dugc sir dung dé biéu hién gen cia thuc vat

da biét trong linh vire nay.

Theo mdt phuong én, geri chu tric theo sang ché c6 ving khéi dau va trinh tur
viing két thuc.

Thuat ngir “viing khoi dau cia thuc vat” dugc dl‘mg trong ban mo ta dé chi yéu t6
diéu hoa, ma diéu hoa biéu hién doan trinh ty mang ma di truyén trong té bao thuc vat.
Theo d6, ving khoi ddu cia thye vat khong nhét thiét phai c6 ngudn gbe tir thuc vat, ma
¢6 thé ¢6 ngu@)n géc tir virut hodc vi sinh vét, vi du tir virut ma tdn cOng té bao thuc vat.
Thuat ngit “ving khoi ddu cia thyuc vat” ciing duge ding trong ban md ta dé chi ving
khoi dau c6 thé co nguén géc tir t& bao thuc vit, vi du tir thyc vat ma duge chuyén gen
v6i trinh tu axit nucleic d‘uqc bidu hién trong phuong phap theo sing ché. Pidu nay ciing
ap dung cho “tin hi¢u diéu hoa khéac cua thuc vat”, nhu “ving két thuc cua thuc vat”.
Ving khéi ddu ndm trude trinh ty nucleotit hitu ich trong cic phwong phap theo séng ché
c6 thé duogc cai bién bing mot hodc nhidu dot bién thay thé, chén va/hoic loai bd
nucleotit ma khong anh huéng dén chirc nang hoidc hoat tinh cia ving khéi du, khung
doc m3 m& (ORF) hogc ving didu hoa diu 3' nhr ving két thic hodc ving diéu hoa dau
3' ndm céach xa khung doc ma mé. Ngoai ra, hoat tinh ctia viing khéi dau c6 thé dugc cai
thién bang cach cai bién trinh tw ctia n6, hoic ving khéi dau nay dugc thay thé hoan toan
bing ving khéi ddu c6 hoat tinh manh hon, thdm chi 13 ving khéi du c6 ngudn gbc tir
sinh vat khac loai. D& biéu hién & thuc vét, phan tir axit nucleic néli trén phai dugc lién
két didu khién v6i hodc chtra ving khéi dau thich hop ma biéu hién gen & thoi diiém
chinh x4c v6i cdu tric khéng gian biéu hién cin thiét. Thuat ngit “dugc lién két diéu
khién” dugc ding trong ban mé ta dé chi médi lién két chirc ning gitta trinh tu vung khoi
d4u va gen quan tm, sao cho trinh ty viing khéi dau c6 kha ning hoat hoa phién ma gen

quan tam.
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Céc ving khoi ddu sau c6 thé duge chon theo sang ché nhung khong chi giéi han
& cac ving khoi du nay.

Thuét ngit “Vﬁng khéi dAu cAu triic” duoc dl‘mg trong ban mo ta dé chi ving khéi
déu c6 hoat tinh phién ma trong h%lu hét cac giai doan sinh trudng phat trién va diéu kién
méi trudng, nhung khong nhét thiét phai & toan bd céc giai doan va diéu kién nay, & it
nhét mot té bao, md hodc co quan. Vi du vé ving khoi dau céu tric bao gdm, ‘nhu’ng
khong chi giéi han ¢ actin, HMGP, CaMV19S, GOS2, xyclophilin cua lda, histon H3
cua ngo, histon H3 ciia ¢o linh lang, 34S FMV, tiéu don vi kich c& nhé rubisco, OCS,
SADI1, SAD2, nos, V-ATPaza, vung khéi dau c6 ai luc rht manh, protein hop-G va vung
khéi ddu téng hop.

Thuét ngit “ving khéi ddu c6 4i luc manh” duge dung trong ban mo ta ¢ chi ving
khéi ddu din dén lam tang hodc biéu hién qua mirc gen. Vi du vé ving khéi d4u co & luc
manh bao gdm, nhung khéng chi gi6i han &, CaMV-35S, CaMV-35Somega, ubiquitin
UBQI1 cia cdy Mu tac, ubiquitin cua 1da, actin, hodc vung khéi ddu ma hoéa rugu
dehydrogenaza 1 ctia ngd (Adh-1). 7

Theo phuorhg 4n uu tién, ving khéi dau 12 ving khoi dé‘ui c4u tric ma 1 ving khoi
dAu c6 4i lyc manh va didu khién bidu hién qua mutrc gen quan tim dé lién két didu khién
v6i nd. Tt hon néu, ving khéi dau 1a CaMV-35S, CaMV-35Somega va ubiquitin UBQ1
cua cdy Mu tac.

~

Thuét ngit “bi€u hién ting” hodc “bi€u hién qua mac” dugc ding trong bdn mo ta
dé chi dang bi€u hién bat ky tao ra mirc do bi€u hién tang cho thyc vat doi ching, vi du

thue vat thé dai.

‘Theo mét phuong 4n, ving khéi ddu 1a ving khéi diu dac hidu mé libe. Sy biéu
hién dic hiéu md libe c6 thé quan trong cho chirc ndng cia OsNRT2.3b, do md mach c6
vai trd quan trong dé didu hoa do pH va gin d4y da phét hién thdy rang van chuyén nitrat
trong mb libe xuét hién & thuc vét va cé thé 13 qud trinh quan trong d& phan bb nito dén
chdi.

Vi dy v& ving khoi dau ddc hiéu mé libe 13 RSSIP, c6 ngudn gdc tir gen ma hoa
sucroza synthaza ¢ cdy lia (twong tng v6i SEQ ID NO.5 hoidc bién thé chirc ning hoic
mot doan cua nod, tham khao Saha et al). Cac vung khéi d4u dic hiéu md libe khac da biét

trong linh vuc nay.
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Theo céc khia canh khac nhau cia sang ché, kha nang sinh truéng, ning suét, kha
nang van chuyén nito, kha ning hp thu nito, kha ning chéng chju vai diéu kién bat lgi
vé nito, kha nang 'chéng chiu dich bénh va/hoac hi¢u suét sur dung nito cao hon so véi
thuc vat dbi chirng. Thyuc vat dbi ching 1a thyc vat khong dugce bién nap axit nucleic cé
trinh ty nhu néu trong SEQ ID NO.1, bién thé chirc nang, mdt doan hodc thé tuong déng
ctia n6, tét hon néu thuc vat d6i chung 1a thuc vat thé dai. Tt hon néu, thyc vat dbi
chimng 1a cung loai véi thyuc vat chuyén gen. Hon nita, thuc vét d6i chimg c6 thé chira cac
c4i bién di truyén, bao gdm cic cai bién biéu hién cic gen chuyén khic.

29 ¢¢

Thuét ngit “tang”, “cai thi¢n” hodc “tdng cudng” dugc st dung thay thé cho nhau
trong ban mo ta. Muc ting kha néng sinh truéng, ning suét, kha ning van chuyén nito,
kha ning hip thu nito, kha ning chéng chiu véi diéu kién bat loi v& nito va/hodc hiéu
suét st dung nito nam trong khoang tir 5% dén 50%, vi du it nhét bfmg 5%, 6%, 7%, 8%,
9% holic 10%, tét hon néu it nhit bing 15% hoiic 20%, tét hon nita néu 25%, 30%, 35%,
40%, 45% hoidc 50% hoic cao hon so vé6i thuc vat ddi chimg. Tét h(m néu, kha ning sinh
trudng duge danh gid bing cach do chidu dai try dudi 14 mim hoc chiéu dai than. Theo

mot phwong 4n, mirc ting ning sudt it nhat bang 40%.

Axit nucleic ¢6 trinh tu nhu néu trong SEQ ID NO.1, bién thé chuc ndng, mot
doan hodc thé tuong déng cia né c6 thé cling chtra gen chi thi chon loc tao diéu kién
thuén loi cho viéc chon loc cac thuc vat chuyén gen, nhu gen chi thi khang khang sinh, vi

du kanamycin.

Theo mot khia canh khéc, sang ché dé cap dén phuong phép san xuit thuc vat
chuyén gen c6 ning sudt, kha ning sinh truéng, kha ning van chuyén nito, kha ning hip
thu nito, kha ning chéng chiu véi diéu kién bét loi vé nito, kha nang chéng chiu dich
bénh va/hoic hiéu suit st dung nito duogc cai thién bao gbdm budc: bién nap va biéu hién
& thuc vat hodc té bao thuc vit trinh tu axit nucleic c¢6 trinh tu nhu néu trong SEQ ID
NO.1, bién thé chuc ning, mot doan hoac thé tuong déng ctia n6 dugce lién két didu khién
v6i trinh tu diéu hoa, trong d6 khi axit nucleic nay c6 trinh ty nhu néu trong SEQ ID
NO.1, thi thuc vat nay khong phai 14 cdy lua. Theo mdt khia canh khac, séng ché dé cap
dén phuong phép san xuét thuc vat chuyén gen c6 ning suit, kha ning sinh truéng, kha
ning van chuyén nito, kha ning hip thu nito, kha ning chéng chiu véi didu kién bét loi

vé€ nito va/hodc hiéu suét st dung nito dugce cai thi¢én bao gom budc: bi€n nap va biéu
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hién & thuc vat hodc té béo thuc vat trinh tir axit nucleic ¢é trinh tg nhu néu trong SEQ
ID NO.1, bién thé chirc nang, mot doan hodc thé trong ddng cia nd dugce lién két didu
khién v6i trinh tir diéu hoa, trong d6 thuc vat nay khong phai 1a cay la.

Phuong nay con bao gdm budc tai sinh thuc vt chuyén gen tir thuc vat hoic té
bao thljc vét sau budc a), trong d6 thuc vat chuyén gen nay chira axit nucleic c6 trinh tu
nhu néu trong SEQ ID NO.1, bién thé chuc ning, mot doan hoic thé twong ddng ciia nd
dugc lién két diéu khién véi trinh tir diéu hoa va thu duoc thyuc vat thé hé sau c6 nguén
gbc tir thyre vat chuyén gen, trong d6 thuc vat thé hé sau nay cling c6 ning suét, kha ning
sinh truéng, kha niang van chuyén nito, kha ning hép thu nito, kha na’mgb chéng chiu véi

diéu kién bat loi vé nito va/hodc hiéu sudt st dung nito dugc cai thién.

Theo mot phuong én ciia cac phuong phap néu trén khong bao gbm cdy lua, axit
nucleic c6 trinh ty nhu néu trong SEQ ID NO.1 hodc bién thé chirc ning hodc mot doan
- cua no.

Do d6, theo céc khia canh khéc nhau cua séng ché, axit nucleic ¢6 trinh tir nhwr néu
trong SEQ ID NO.1, bién thé chirc ning, mot doan hozc thé twong ddng cua nd dugc
chén vao thuc vat va biéu hién duéi dang gen chuyén. Trinh ty axit nucleic dugc chén
vao thuc vat ndy nhd qua trinh chuyén gen. Thuét ngit “chén” hodc “chuyén gen” dugc
ding trong ban mo ta dé chi qua trinh chuyén polynucleotit vao té bao vat chii, phuong
phap tuong tmg dugc sir dung dé chuyén gen. M6 thuc vit c6 kha ning nhan gidng v6
tinh tiép theo, cho du béng cach phat sinh co quan hodc tao phoi, cé thé dugc chuyén gen
v6i axit nucleic theo sang ché va toan bod thyuc vat duoc tai sinh tir d6. Mo cu thé dugc
chon s& thay ddi phu thudc vao hé nhan giéng vo tinh ¢ sin va thich hgp nhét cho céc
loi cu thé can chuyén gen. Vi du vé md dich bao gdm dia 14, phan hoa, phoi, 14 mam, tru
dudi 14 mam, thé giao tir cai, md seo, md phén sinh dang phit trién (vi dy, mé phan sinh
dinh, chdi nach, va md phan sinh ré), vd md phén sinh cdm tng (vi du, mo phén sinh 14
mAm va mo phén sinh tru dudi 14 mam). Polynucleotit c6 thé dwoc chén tam thoi hodc 6n
dinh vao té bao vat chu va ¢ thé dugc duy tri khong tich hop, vi du, duédi dang plasmit.
Theo cach khac, it co thé dugc tich hop vao bd gen cua vat chu. Sau do, té bao thuc vat
chuyén gen thu dugc c¢6 thé duge sir dung dé tai sinh thuc vat chuyén gen theo phuong

phap da biét trong linh vuc nay.
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Qua4 trinh chuyén gen ngoai sinh vao bd gen cia thuc vat dugc goi 13 qué trinh
chuyén gen. Qu4 trinh chuyén gen thyc vét hién 13 k§ thuat dugc st dung phd bién &
nhidu loai. Tét hon néu, phuong phap chuyén gen bat ky c6 thé duge sir dung dé chén
gen quan tdm vao té bao gbc thich hop. Phuong phap dé chuyén gen va tai sinh thyuc vét
tir m6 thuc vat hodc té bao thuc vat c6 thé duge st dung dé chuyén gen tam thdi hodc 6n
dinh. Phuong phép chuyén gen bao gdm phuong phép sir dung liposom, phuong phép
xung dién, phu’oﬁg phap hoa hoc 1am ting hdp thu ADN tu do, phuong phép tiém truc
tiép ADN vao thuc vat, phuong phap sting bin gen, phuong phép chuyén gen bang virut
hodc phan hoa va phuong phép \}i tiém. Phuong phép chuyén gen c6 thé dugc chon tir
phuong phap chuyén gen lyc lap bing canxi/polyetylen glycol, phuong phap xung dién
chuyén‘ gen luc lap, phuong phap vi tiém vao vét chét di truyén cta thuc vat, phuong
phap bén pha hat ADN hodc ARN, phuong phap ti€m vdéi virut (khong tich hgp) va
phwong phép tuong tw. Tét hon néu, thuc vét chuyén gen, bao gdm cay trdng chuyén gen

duoc tao ra bing phimng phép chuyén gen nh& Agrobacterium tumefaéiens.

Dé chon loc thyc vat chuyén gen, vt chét di truyén ciia thuc vat thu duge trong
qua trlnh chuyén gen dugc dua vao cac diéu kién chon 10c sao cho thuc vét chuyén gen
c6 thé phén biét dugc vai thuc vat chua chuyen gen. Vi duy, hat thu dugc theo phuong
phap néu trén co6 thé duge gieo tréng va, sau giai doan sinh trudng ban diu, dugc chon
loc thich hop bing phuong phap phun. Ngoai ra, néu can sau khi khir tring cac hat ’duc_rc
sinh truéng trén dia thach bang chét chon loc thich hop sao cho chi hat da chuyén gen c6
thé sinh trudng thanh thuc vat. Theo cach khéc, thuc vét chuyén gen nay duoc sang loc
vé su c6 mit cﬁa gen chi thi co thé chon loc nhu md ta néu trén. Sau khi chuyén ADN va
tai sinh, thuc vt chuyén gen gia dinh c6 thé ciing dugc dénh gia, vi du bing phwong
phap phén tich thdm tach Southern, vé sy c6 mét clia gen quan tdm, s6 luong ban sao
va/hodc co quan bg gen. Theo cach khéc, murc 4o biéu hién cia ADN méi duge chén vao
¢6 thé duoc kiém soat bing phén tich thim tach Northern va/hosic Western da biét trong
linh vuc nay.

Thyc vét chuyén gen dwoc tao ra c6 thé dwoc nhan giéng bang nhidu phuong
phap, nhu bing k§ thuat nhan gidng v6 tinh hozc k¥ thuit nhan gidng truyén théng. Vi
du, thuc vat chuyén gen thé hé mot (hodc Ty) ¢6 thé dugc tu sinh trudng va céac thuc vat
chuyén gen déng hop tr thé hé hai (hoac T,) dugc chon loc, sau d6 thuc vt thé hé T, ¢6
thé tiép tuc dugc nhan gibng bing cac k¥ thuit nhan gidng truyén thong. Co quan chuyén
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gen dugc tao ra co thé ton tai & nhidu dang. Vi du, co quan chuyén gen dugc tao ra co thé
& dang thé kham cia t& bao chuyén gen va té béé chua chuyén gen; thé bién nap don
dong (vi dy, toan bd cac té bao chuyén gen dé chua cat-xet biéu hién); thé cdy ghép cua
mo chuyén gen va mé chua chuyén gen (vi du, & thuc vat, than ré chuyén gen duoc cly

ghép v6i canh chua chuyén gen).

Theo cac khia canh khéc nhau, séng ché d& cap dén té bao thuc vat bit ky hodc
thuc vét bat ky duge san xuét hoic thu duoc bing phuong phép bét ky theo sang ché, va
toan bd cac bd phén cta thuc vat va phoi mam cua ching trir khi ¢6 quy dinh khac. Vi du,
theo mét s& khia canh néu tréh, thuc Vét nay khong phai 13 léa. Do d6, phuong phap
khong bao gém cac phuong an, trong d6 axit nucleic c6 trinh ty nhu néu trong SEQ ID
NO.1 hodc doan chirc ndng cua bién thé cta n6 dugc biéu hién & gidng laa. Sang ché
cﬁhg dé cap dén thé hé sau cta té bao, md, co quan cip mot dd chuyén gen hoic toan bd
thye vét dugc san xudt bang phuong phép bt ky néu trén, yéu ciu duy nhat 13 thé hé sau

“¢6 cung dic tinh kidu gen va/hodc kiéu hinh nhu cdy me trong phuong phép theo sing

ché.

Thyc vat theo sang ché, khac biét & chd c6 kha niang sinh truéng, ning suat, kha
ning van chuyén nito, kha nang hap thu nito, kha ning chong chiu véi diéu kién bat lgi

v€ nito va/hodc hiéu suat st dung nito dugc cai thién.

Sang ché ciing d& c4p dén bo phan thu hoach cuia thyuc vét theo sang ché nhur néu
trén nhu, nhung khong chi gidi han & hat, 14, qua, hoa, than, 1€, cii, than ct va buip. Sang
ché ciing @ cép dén san phim thu dugc, t6t hon néu thu duge truc tiép tir b phan thu
hoach ctia thyc vat nay, nhu hat khé hodc bot kho, diu, chét béo va axit béo, tinh bot

hodc protein.

Sang ché ciing mo ta viéc sir dung axit nucleic c6 trinh tu nhu néu trong SEQ ID
NO.1, bién thé chirc ndng, mot doan hodc thé tuong dE")ng cia né dé cai thién kha nang
sinh trudng, ning sudt, hiéu suit st dung nito, kha ning hép thu nito, kha ning chdng
chiu v6i didu kién bét loi vé nito, kha ning chéng chiu dich bénh va/hoic kha ning van
chuyén nito cia thyc vat, trong d6 khi axit nucleic nay c6 trinh tu nhu néu trong SEQ ID
NO.1, thyc vat ndy khong phdi 1a cay lua. Ngoai ra, sang ché cﬁrig md ta vi€c st dung
axit nucleic c6 trinh tuy nhu néu trong SEQ ID NO.1, bién thé chirc nang, myt doan hodc

thé tuong dong clia né dé€ cai thién kha nidng sinh trudng, ndng sudt, hiéu suat st dung
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nito, kha nang hép thu nito, kha ning chéng chiu véi diéu kién bét loi v& nito va/hoidc kha

ning van chuyén nito ctia thuc vat, trong d6 thuc vat ndy khong phai 1a cay lua.

‘Sang ché ciing d& cip dén axit nucleic ¢6 trinh ta nhu néu trong SEQ ID' NO.1,
bién thé chic ning, mot doan hodc thé twong ddng duge lién két diéu khién V(’yilvfmg
khoi dﬁu dac hiéu mo libe, vi du axit nucleic ¢6 trinh tu nhu néu trong SEQ ID NO.5.
Ngoai ra, sang ché cling md ta viéc sir dung axit nucleic nay trong cac phuong phap theo

séng che.

Séng ché ciing dé xuét té bao thuc vat, tbt hon néu té bao thuc vat hoic té bao
Agrobdcterium tumefaciens, biéu hién axit nucleic c6 trinh tu nhu néu trong SEQ ID
NO.1, bién thé chuc ning, mot doan hoic thé twong ddng dugc lién két diéu khién véi
vung khai dau dic hiéu mo libe. Theo mot khia canh khac, séng ché dé cap dén té bao
thuc .V@t, tdt hon néu té bao thuc vat hoic té bao Agrobacterium tumefaciens biéu hién
axit nucleic c¢6 trinh ty nhu néu trong SEQ ID NO.1, bién thé chirc nang, mot doan hodc
thé twong ddng duoc lién két didu khién v6i ving khéi dau cdu trac. Hon nita, séng ché
cling d& cép dén méi truong nudi cdy chira té bao thuc vét dugc phan 1ap hoic té bao

Agrobacterium tumefaciens bi€u hién axit nucleic theo sang che.

Trir khi thye vat ndy khong phai 13 cdy Ia, thi thuc vat chuyén gen theo sing ché
c6 thé 13 thye vat mot 14 mim hodc thue vat hai 14 mam bét ky tao ra cac phuong 4n theo

sang cheé.

Thuc vat hai 14 mim c6 thé duge chon tir cic ho bao gdm, nhung khéng chi giéi
han & Asteraceae, Brassicaceae (vi du Brassica napus), Chenopodiaceae, Cucurbitaceae,
Leguminosae (Caesalpiniaceae, Aesalpiniaceae, * Mimosaceae, Papilionaceae hodc
Fabaceae), Malvaceae, Rosaceae hodc Solanaceae. Vi du, thuc vt ¢ thé dugc chon tir
rau diép, hudng duong, mu tac, bong cai xanh, cai b6 x6i, dua hiu, bi, cai bép, ca chua,
khoai tay, khoai m&, 6t, thube 14, bdng, mudp, tdo, hoa hf’mg, dau tay, cé linh lang, déu
dd, d4u tuong, diu rang ngua, ddu Ha Lan, dau lang, lac, dau hoi, mo, 18, ddo, nho hoic
thuc v4t ho chanh. Theo mot phuong an, thuc vt nay 1a ‘céi dau.

Thuc vét theo sang ché ciing bao gdm céc cdy trong ding dé san xuét nhién liéu
sinh hoc va ning lugng sinh hoc nhu cai diu/hat cai dau, mia duong, laa mién ngot,
Panicum virgatum (c k&), hat lanh, d4u lupin va cay liéu, cdy duong, ciy duong lai, co

voi hodc thuc vét hat trin, nhu thong canh nhd. Thyuc vét theo séng ché cling bao gém cac
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cay trdng ding 1am thirc 4n cho gia stic (ngd), chin tha gia stc hay thirc #n gia suc (co
hoa théo, c6 ba 14, cdy hdng dau, co linh ling), 14y soi (vi du bong, cdy lanh), vit liéu xay
- dung (vi du thong, sbi), 14y thit qua (vi du cdy duong), nguyén liéu cho cong nghiép hoa
chit (vi du hat cai chaa nhiéu axit béo erucic mach dai, hat lanh) va dung cho muc dich
vui choi gidi tri (vi du cd mi ngua dung cho sin gbn), cdy canh dung cho vuon cong cong
va tu nhén (vi du cdy hoa mdm chd, cdy da yén thdo, hoa hdng, cdy phong lit, Nicotiana
sp.) va thyc vat cho hoa va hoa di hai dung trang tri nha ctra (hoa violet chau Phi, thu hai

duong, hoa cﬁc; ciy phong li, ciy ddy nhén, cdy huyét du, ciy sung cao su).

Thuc vat mot 14 mam c6 thé dugc chon tir cic ho Arecaceae, Amaryllidaceae hoic
Poaceae. Vi du, thuc V@t co thé 1a cay ngil cbe, nhu laa my, lia mach, ngo, yén mach, laa
mién, laa mach den, ké, lda mach, co roi ngua, cd lia mach, mia hodc céc loai cé dudi
trau, hodc cay tréng nhu hanh ty, t4i tiy, khoai m& hodc chudi. Theo mot phuong én,

thl_xc vat nay khong phai 1a cy lua.

Tét hon néu, thuc vat nay 1a cdy luong thuc. Thudt ngt “cdy luong thuc” duge
ding trong ban mo ta dé chi thyc vét bét ky duge trdng trén quy md 16n dé ding cho
ngudi hodc dong vt.

T4t nhat néu, thuc vat nay 14 ngd, lha my, cai dau, lua mién, dau tuong, khoai tay,
thudc 14 ca chua, thudc 14, nho, lta mach, ddu Ha Lan, ddu d6, dau ring ngua, rau diép,
bong, mia duong, cl cai dudng, bong cai xanh hodc céac loai rau cai khac hodc cay

duong.

Theo mot phuong an, thyc vat ndy 1a laa my. Theo mgt phuong an, thyc vat nay 1a
thude 14. Tét hon néu, ving khéi dau 12 ving khoi diu dic hiéu md libe nhu mo ta trong

sang ché.

Thuét ngit “thuc vat” dugc dung trong ban mo ta dé chi toan bd thuc vat, thuc vat
géc va thé hé sau cua thuc vat Vé bd phén thyc vét, bao gE”)m hat, qua, choi, thén, 14, ré
(bao-gdm than ct), hoa, md va co quan, trong d6 mdi b phén nay chira gen/axit nucleic
quan tdm. Thuat ngit “thuc vat” ciing duge ding trong ban mé ta dé chi té bao thuc vat,
dich nudi cdy, md seo, phéi, ving mé phan sinh, thé giao ti, thé bao tir, phan hoa va vi

bao tir, trong d6 mdi bo phén ndy chira gen/axit nucleic quan tim.

Thuc vt hodc bd phan ciia n6 thu dugc biang phuong phip san xuét thyc vt

chuyén gen nhu néu trén ciing nam trong pham vi cia sang ché.
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Theo mot khia canh khéc, sang ché @& cép dén thuc vat chuyén gen, biéu hién axit
nucleic ¢ trinh tu nhu néu trong SEQ ID NO.1, bién thé chirc ning, mdt doan hodc thé
tuong déng‘ ctia n6 duge lién két didu khién voi trinh tu didu hoa vao thyuc vit, trong do
khi axit nucleic ndy c6 trinh tw nhu néu trong SEQ ID NO.1, thi thyc vat nay khong phai
1a cdy lua. Do d0, theo khia canh nay, sang ché khong bao gdm cay lta chuyén gen biéu
hién axit nucleic ¢6 trinh ty nhu néu trong SEQ ID NO.1. Theo m¢t phuong an, céc thyuc
vét khac c6 kha néng sinh trudng trén NH, duéi dang ngudn nito duy nhét ciing dugc loai

trur.

Theo mot khia canh khac, sang ché @ cap dén thuc vat chuyén gen, biéu hién axit
nucleic ¢ trinh ty nhu néu trong SEQ ID NO.1, bién thé chic ning, mdt doan hodc thé
tuong ddng cua n6 duoc lién két didu khién V('ri vung khéi dau dic hiéu md libe & thuc
vat. Thgic vat ndy co thé 1a thyc vat mot 14 mam hodc thuc vét hai 14 mam, bao gdm ciy

lta. Theo mét phuong an, thyc vat nady khong phai la cdy lua

‘Theo mdt khia canh khic, séng ché dé cap dén thuc vat chuyén gen, biéu hién axit
nucleic ¢6 trinh tu nhu néu trong SEQ ID NO.1, bién thé chirc niang, mdt doan hodc thé
trong ddng cta né duoc lién két diéu khién véi trinh tu diéu hoa vao thuc vit, trong d6
thuc vat ndy khong phai 1a cdy lua. Theo mot phuong 4n, thuc vat chuyén gen biéu hién

axit nucleic co trinh ty nhu néu trong SEQ ID NO.1.

Thuc vét nay khac biét & chd c¢6 ning suat, kha ning sinh truéng, kha ning van
chuyén nito, kha ndng hap thu nito, kha ning chong chiu véi diéu kién bat lgi v€ nito,

kha ning chéng chiu dich bénh vi/hoic higu suét st dung nito dugc cai thién.

Lién quan dén trinh ty SEQ ID NO.1 hodc trinh ti khac, thuat ngit “bién thé chirc
nang cua trinh ty axit nucleic” dugc dung trong ban mo ta dé chi trinh tu bién thé gen
hodc mot doan trinh tir gen van ¢ chirc ning sinh hoc ctia trinh ty hoan toan khong dot
bién, vi du c6 kha nang sinh truéng hodc ning suét ting khi dugc biéu hién & thuc vat
chuyén gen. Bién thé chirc ning ciing bao gdm bién thé ciia gen quan tim c6 trinh ty
duge cai bién nhung khong anh hudng dén chize ning, vi du & cac gbc khéng bao th.
Thuat ngit “bién thé chirc ning ciia trinh tyr axit nucleic” ciing dugc dung trong ban mé ta
dé chi bién thé c6 hoat tinh sinh hoc gén nhu giéng hét, tirc 1a chi c6 mot vai bién dbi, vi

du & cac gbe khong bao thia, so v6i céc trinh tu thé dai nhu dugc thé hién trong sang ché.

-37-



26897

Do @6, lién quan dén trinh tu SEQ ID NO.1 hoic trinh tu khéc, sing ché cling bao
gdm doan chirc ning ctia trinh tu axit nucleic theo sang ché vén c6 chirc niang sinh hoc
ctia trinh tu hoan toan khong dot bién, vi du ¢ khé ndng sinh trudng hodc néng suét ting

khi duge biéu hién & thuc vat chuyén gen.

Do d6, ngudi c6 hidu biét trung binh trong linh vuc ndy sé hiéu rang c4c khia canh
cta sang ché bao gdm phuong phap va sir dung khong chi axit nucleic ¢6 trinh tu nhu néu
trong SEQ ID NO.1, ma con bao gdm céc bién thé chirc nang hoic céc doan gen cua SEQ
ID NO.1 ma khong anh huéng dén hoat tinh sinh hoc va chirc ning clia protein thu dugc.
Tuy nhién, céc bién dbi trén trinh tu axit nucleic ma tao ra axit amin khéc & vi tri nhét
dinh s& khong 4anh huéng dén chirc ning ctia polypeptit dugc ma hoa, da biét trong linh
vue ndy. Vi dy, bd ba mi hda cho axit amin alanin, 13 axit amin ky nuéc, ¢6 thé dugc
thay thé bing b ba ma héa cho gbc axit amin khéc c6 tinh ky’nuérc thdp hon, nhu glyxin,
hodc géc axit amin ¢ tinh ky nudc cao hon, nhu valin, leucin, hodc isoleucin. Tuong tu,
cac bién dbi thay mot gbe axit amin tich dién am bing mot gdc axit amin khéc, nhu axit
aspartic thay bang axit glutamic, hodc mot gbc axit amin tich dién duong bang mot gbc
axit amin khac, nhu lysin thay bang arginin, cling c6 thé dugc thuc hién dé tao ra san
phdm c6 chiic ning tuong duong. Nucleotit 1am bién dbi cac du tan cing N va diu tin
cung C cua phan tir polypeptit s&€ khong dﬁqc sit dung dé bién dbi hoat tinh cua the
polypeptit. M3i ci bién dugc dé xuét 1 da biét trong linh vuc nay nhu khi xéc dinh sy

duy tri hoat tinh sinh hoc cta san phém dugc ma hoa.

Bién thé chirc nang cia SEQ ID NO.1 ¢6 d6 tuong dong it nhat bing 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, hodc 99% so véi trinh ty axit amin nhu néu
trong SEQ ID NO.1. Bién thé chirc ning ciia SEQ ID NO.3 ¢6 do tuong ddng it nhat
bing 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, hodc 99% so véi trinh tl_r.axit
amin nhu néu trong SEQ ID NO.3. Bién thé chirc ning nay van chira cdu tric cam bién

do pH.

Gen tuong ddng chic ning ciia SEQ ID NO.1 1a axit nucleic ma héa peptit
NRT2.3b ¢6 hoat tinh sinh hoc giéng nhu SEQ ID NO.1, néi cach khac gen twong dong
chtrc ning nay c6 ning suit hoic kha ning sinh truéng ting. Thuit ngit gen tuong dbng

chirc ning bao gdm céc gen tién hoa théng ctia OsNRT2.3b & cac loai thuc vat khéc.
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Polypeptit twong ddng ciia polypeptit OsSNRT2.3b @& cai thién thi tu wu tién c6 do
trong ddng it nhit bing 25%, 26%, 27%, 28%, 29%, 30%, 31%, 32%, 33%, 34%, 35%,
36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%, 48%, 49%, 50%, -
51%, 52%, 53%, 54%, 55%, 56%, ‘57%, 58%, 59%, 60%, 61%, 62%, 63%, 64%, 65%,
66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, T14%, 75%, 16%, T1%, 18%, 79%, 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, hodc 99% so véi trinh tu axit amin nhu néu trong SEQ ID NO.3. Tét
hon néu, do trong ddng trinh tr tdng cong bang 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, hodc 99%. Theo mot phuong an khac, trinh tu axit nucleic OSNRT2.3bdé cai
thién ther tir vu tién c6 do twong ddng it nhit bang 25%, 26%, 27%, 28%, 29%, 30%,
31%, 32%, 33%, 34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%, 45%,
46%, 47%, 48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%,
61%, 62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, T2%, 13%, T4%, 15%,
76%, 17%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%., 97%, 98%, hodac 99% so vdi trinh tu axit nucleic nhu
néu trong SEQ ID NO.1. Tét hon néu, d6 twong ddng trinh ti téng cong bang 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, hodc 99%. Do tuong ddng trinh tu tdng cong
bing dugc x4c dinh bing thuit toan sdp thing hang da biét trong linh vuc niy, nhu thujt
toan Needleman Wunsch trong chuong trinh GAP (GCG Wisconsin Package, Accelrys).

Tt hon néu, gen trong ddng/gen tién hoa thang cia OsNRT2.3b c6 ciu tric cim
bién d6 pH VYEAIHKI nam & phia bao tuong. Theo mot phuong 4n, polypeptit tuong
ddng cua polypeptit OSNRT2.3b c6 d6 tuong dong tdng cong bang 90%, 91%, 92%,
93%, 94%, 95%., 96%, 97%, 98%, hoac 99% so vdi trinh ty axit amin nhu néu trong SEQ
ID NO.3 va chira cdu triic cam bién d6 pH VYEAIHKI (SEQ ID NO.16). Céc bién thé
chirc ndng hodc céac doan cua cac gen tufb‘ng ddng nay, vi du cic gen twong ddng c6 trinh

tur nhu néu trong SEQ ID NO.6-SEQ ID NO.15, ciing ndm trong pham vi clia sing ché.

Fig.24 13 hinh v& thé hién gen twong ddng/gen tién hoa thing c6 ciu tric cam bién
d6 pH dugc xac dinh trong OsNRT2.3b. Do d6, tdt hon néu gen tién héa thing hoic
peptit tién héa thing duoc sir dung theo céc khia canh khac nhau ctia sang ché dugc chon
tir cac gen tién héa thing duoc liét ké trong Fig.24, bao gdm lda mach, ngo, ddu twong,
¢6 dira dai (SEQ ID NO.6-SEQ ID NO.15) va laa my. Cac bién thé ctia cAc trinh tu nay
c6 d6 trong ddng it nhat bang 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, hoic
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99% so v6i cac trinh tu nhu néu trong SEQ ID NO.6-SEQ ID NO.15 ciing nim trong

pham vi cua sang ché.

Céc gen tuorng ddng hodc gen tién hoa thing thich hop c6 thé dugc X4c dinh bang
céch so sénh trinh tu va x4c dinh cdc viing bao thii. Chirc ning clia gen twong déng hodc
- gen tién héa thing c6 thé dugc xac dinh nhu md ta trong sang ché va ngudi c6 hidu biét
trung binh trong linh vuc nay s& c6 thé kiém chimg duoc chirc ning ciia cic gen nay khi
iéu hién & thuc vat.

Vi duy, theo cac khia canh khac nhau cﬁa sang ché, axit nucleic ma héa peptit
NRT2.3 ndi sinh ¢6 thé dugc biéu hién & thuc vat bt ky nhu duge mo ta trdng sang ché
trir khi ¢6 quy dinh khéac bing phuong phép tai t hop. Nhu néu trén, theo mdt sd khia
canh cu thé cua séng ché khi khi axit nucleic nady c6 trinh tg nhu néu trong SEQ ID NO.1,
thi thuc vat nay khong phai 13 cdy lga. Vi du, OsNRT2.3b ciia lia c6 thé dugc biéu hién &

gidng laa va NRT2.3b cta lda my c6 thé dugc biéu hién & cay laa my.

Theo mét phuong én khac, axit nucleic ma hda peptit NRT2.3b & thue vt ma la
noi sinh dbi vé6i loai thuc vat th nhit c6 thé duge biéu hién & thuc vat thir hai bing
phuong phap tai t6 hop. Vi du, thé twong déng ciia OsNRT2.3b tir mot thuc vat khéc c6

thé dugc bicu hién & giong lua.

Theo mdt phurong 4n wu tién theo sang ché, OSNRT2.3b c6 trihh tu nhu néu trong
SEQ ID NO.1 hoic bién thé chuc nang cua no dugc biéu hién & mot thuc vat khac ma
khong phai 1a cdy lua. Céc tac gia sang ché da ngac nhién phat hién thiy rang su biéu
hién OsNRT2.3b tao ra kiéu hinh ¢6 lgi cho cac thuc vat khéc ma st dung ngudn nito
khéac. Vi du, OsNRT2.3b c6 thé dugc biéu hién & thuc Vét mot 14 mam hoic thyc vat hai
14 midm nhu mo ta trong sang ché. Theo mot phuong 4n, thuc vat nay 1a lia my hodc

thudc 14.

Do d6, sang ché d& cap dén phuong phép cai thién mét hodc nhiéu tinh trang ctia
thuc vat bao gdm kha ning sinh truéng, ning suét, kha ning van chuyén nito, hiéu suét
str dung nito, kha ning hip thu nito, 1dm giam kha ning quang ho hép, 1am ting lugng
CO, ndi bao, 1am tiang hiéu suit quang hop, kha ning chéng chiu dich bénh va duy tri/cai
thién can béng pH ndi mo, bao gb6m budc bién nap va biéu hién axit nucleic ciu tric c6
trinh ty nhu néu trong SEQ ID NO.1, hodc bién thé chirc ning ciia n6 & mot thuc vat

khic ma khéng phai 13 cdy lGa. Thuc vat chuyén gen khong phai lia biéu hién axit
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nucleic ¢6 trinh ty nhu néu trong SEQ ID NO.1, hodc bién thé chirc ning, bd phan ciia né

cling nam trong pham vi cia sang ché vi dy, Iia my hoéc thudc 1a.

Thyc vét va gen ndi sinh NRT2.3b ciia n6 c6 thé dugc chon tir thuc vat bit k¥,

nhu tir mot trong sd cac ho hodc loai dugc lict ké trong sang ché.

Mu tac khong c6 gen twong ddng véi OsNRT2.3, gen tuong ddng nhét 1a
AfNRT2.5, nhung gen ndy khong chtra ciu tric cim bién d6 pH gidng nhu
OsNRT2.3but. Khia canh quan tr(}rig clia hiéu suét sir dung nito duqé cai thién lién quan
~ dén OsNRT2.3b 1a d nhay pH clia chirc ning van chuyén nitrat. Cdu tric cam bién do
pH bao twong & OsNRT2.3b, ma khong c6 & OsNRT2.3a, tao ra mdi lién két gitta ngudn
dinh dudng nito va diéu hoa do pH. Do d9, sy ¢6 mit cia cAu trac cam bién do pH c6 vai

trd quan trong dbi V01 gen tuong ddng/gen tién héa thing & cic loai khic.

Do d6, gen tuong ddng/gen tién hoa thing ctia OSNRT2.3b ¢6 thé duoc xac dinh
bang su c6 mit cia ciu tric cam bién d pH bio trong. Theo mot khia canh, séng ché d&
“cap dén phuong phap x4c dinh OsNRT2.3b gen tuong dbng/gen tién hoa thing & cac loai

khéc bao gbm bude x4c dinh peptit chira chu truc cam bién d6 pH bao tuong.

Nhu dugc md ta trong cac vi du thuc hién sang ché, khi biéu hién qua mirc
OsNRT2.3 & giéng lta, 0 pH md g5 b?mg 7va73 0 giéng lua thé dai lan lu’(_)'t duoc bén
v0i nitrat va amoni, trong khi d6 d6 pH mo gd béng 7,5 va 7,6-7,8 G céc giéng laa bidu
hién qua mirc OsNRT2.3b, cao hon déng ké so véi gidng laa thé dai. Sau 24 gi bén phan
dam, dich mo libe dugc thu gom. B pH & dich mo libe duge do va 4o axit thép duoc
phét hién & cac giéng lua biéu hién qua mirc OsNRT2.3b. Sy khéc biét giita gidng laa thé
dai va céc giéng lua biéu hién qua mirc 13 khoang 0,2 don vi dd pH khi bon phén nitrat va
khoang 0,1 don vi @6 pH khi bén phin amoni. B§ pH dich mo libe & gidng 10a thé dai da
giam tir 7,8 dén 6,1 va d6 pH dich mé libe & gidng laa b-S6 di giam tir 6,7 dén 6,0 sau 24
gid dén 48 gid bon phan nitrat; trong khi d6 khi bén phan amoni, d§ pH dich md libe &
gibng lua thé dai da giam tir 7,4 dén 6,3 va d6 pH dich md libe & gidng lta b-S6 di giam
tir 6,6 dén 5,9 tir 24 gid dén 48 giv. Su khac biét dang ké gitra gibng Iua thé dai va giéng
laa b-S6 xuét hién sau 24 giod, tuy nhién sy khac biét dang ké khong xut hién sau 48 gio.
Khi b6n phan amoni, méc du 6 pH dich mo libe & gidng lGa thé dai cao hon so véi gidng
Iia b-S6, nhung sy khéc biét nay 1a khong déng ké. Mtrc d9 axit héa dich mé libe & gidng
laa thé dai khi bén phén nitrat 1a khoang 1,7 don vi d§ pH, tuy nhién mirc d§ axit hoa
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dich mé libe chi bang 0,7 don vi 46 pH & gidng lta b-S6. Sau 48 gid dich mo sép thu
gom dugc dugc diéu chinh d6 pH @8 thu dugc céc tri sb twong duong hon dbi véi cay laa
thé dai va b-S6 thuc vat (Fig.17b). Hon nita, dd pH khong bao & ré & gidng lda thé dai va
b-S6 & dugc do bang chit chi thi tim bromeresol'” sau 72 gi bén phan dam Vc’ri lidu
luong khac nhau. Gibng lua bidu hién qua mirc b-S6 c6 d9 pH kiém khi bon phén nitrat
va murc d6 axit hoa khi bon phan amoni so véi giéng laa thé 'davi, trong khi d6 d6 pH trohg ,
mdi trudng nude khong co su khéc biét dang ké gitra gidng lta thé dai va gidng lta b-S6
trong cung khoang thoi gian (Fig.18c) do thé tich méi truomg da 16n d& 1am can bang do

pH & bé mit ré.

D3 biét rang dang phan dam cung cip cho thuc vt anh huéng dén can bang pH &
thuc Vat24. Qua trinh dﬁ“)ng hoda amoni tao ra it nhit mot H' tir mot NH,'; trong khi d6 qua
trinh dong hc’)a NOj; tao ra nhiéu nhit mot OH™ tir mot NO5~ * Ton H' hodc ion OH  can
dugc tao ra véi lugng du dé duy tri d6 pH bao twong dugc bdc 1§ ra khodi té bao trong
buée tiép nhan ning lugng (vi du bom H" ATPaza & mang sinh chat)*!°. o pH cua dich

'mé libe tir céc Vgiéng lta sinh trudong tfong diéu'kién nghéo nito du’qcb bon nitrat hodc
amoni duoc so sanh. Viéc bon nitrat va amoni d3 lam axit héa d§ pH cta dich mo libe
clia gibng lta thé dai va cac giéng lia chuyén gen (Fig.3d, va Fig.3e). Didu ngac nhién 13,
murc dd axit héa & mo libe cia 4 gidng lua chuyén gen thp hon dang ké so véi cay lda
thé dai (Fig.3d, va Fig.3e) mic du khong c6 su khac biét dang ké v& ndng do nitrat c6 thé
dugc phat hién & md libe (dit liéu khong dugce thé hién). Cac dir lidu nay cho thiy cac
giéng laa chuyén gen c6 kha ning diéu hoa do pH dich mo libe t&t hon. Hon nita, sy khdc
biét vé d6 pH dich md libe giira giéng laa thé dai va cac gibng lta chuyén gen (Fig.17a,
b) c6 thé giai thich cho viéc P va Fe duge tich tu nhiéu hon & 14 cia cac gidng lua bidu
hién qua murc OsNRT2.3b (Fig.19). Dich md libe c6 tinh axit hon (Fig.17) sé& c6 lgi cho
viéc van chuyén P va Fe vao 14%. Tuong tu, kha ning hip thu nito dugc ting cuong cling

1a yéu t6 quan trong dé ci thién kha ning sinh truéng va ning suét thuc vat.

b3 dugc ghi nhin rz‘ing muc d6 axit hdéa bao tuong da 1lam bt hoat qua trinh vén
chuyén nuéc qua kénh van chliyén nuée & t& bao trimg éch Xenopus%. Hon nifa, do qua

trinh ddng héa nitrat phu thudc vao qua trinh ho hép*’, nén méi twong quan***

gifta qua
trinh ddng héa nitrat, amoni va qu4 trinh ho hép dugc két hop chit ché véi hé théng van

chuyén malat giita té bao chit va luc lap dé can bing d6 pH?.
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O thuc vat, qua trinh diéu hoa do pH can dugc dién ra vi nhiéu ly do. Ly do co ban
nhét 14 nude tu ion héa din dén proton khong dugc loai bd hoan toan ra khéi duhg dich
nhét dinh. Khong giéng nhu céc ion khéc, proton co thé'duqc tiéu thu hoac tao ra trong
mot sé phan tng héa hoc, két qua 1a dén murc d9 nhit dinh cic chit dinh dudng c6 thé
khién cho proton trd thanh vin d& tré ngai, hodc thim chi gy nguy hiém cho sinh vat.
Céc yéu tb diéu hoa chinh xac va hé qua rit khé phan tich (¢ thoi diém nhét dinh) trong
moi tinh hubng do pH anh hudng dén mot loat cic qua trinh 6"m6 va té bao thuc vat va
cac khoang ndi bao, va ddng thoi hoat 36 H' ¢6 thé dugc bién dbi boi cling céc qua trinh.
Kha ning dao nguge nhiéu loan d6 pH, ciing nhu mirc do va tbc 406 & d6 kha ning nay

x4y ra, xac dinh chét lugng ciia qua trinh diéu hoa do pH.

Viéc duy tri can bang ndi mo ciia dd pH bao turong co vai trd quan trong dé tao ra
ning luong cho su hép thu cta t€ bao va du trit cac chét dinh dudng va cc chat chuyén
hoa thir cAp do céac hé théng van chuyén lién hop proton diéu hoa cac qua trinh nay cia té
bao. Gradien d6 pH giita cac khoang t& bao va mdi truong bén ngodi tao ra ngudn ning
lugng cho cac qué trinh quan trong nay. Do do, nhidu qua trinh quan trong cia té bao
dugc ting cudng béi can bing pH ndi m6 dugc cai thién cing v6i viée boén hdn hop phan

~dam nitrat va amoni.

Céc tac gia sang ché da phat hién thy ring OsNRT2.3b chira chu triic cam bién do
pH trong phin bao twong ciia mang sinh chit ma khéng c6 mit & OsNRT2.3a trong phén
bao twong. Cu trac cam bién d6 pH VYEAIHKI (SEQ ID NO.16) ndm gin gdc histidin
167 ctia OsNRT2.3b huéng vé phia bio tuong ciia mang sinh chét 1a dic tinh thudng thay
& ho trao ddi anion, ma dugc tim théy & nhiéu sinh vat khac nhau bao gém dong vt co
v, do d6 ¢6 y nghia v& mat sinh hoc hon. Nhu dugc kiém chimg trong cic vi du thuc
hién sang ché, cac tac gia sing ché da phat hién thiy ring sau khi dot bién mét gbe axit
amin duy nhit (H167R), OsNRT2.3b 1am mét chirc ning didu hoa dd pH cia bao tuong,
ngay ca sau khi bén phan nitrat nhidu lan (Fig.5b).

CAu tric cam bién cia OsNRT2.3b diéu hoa d6 pH bao tuong & thuc vét.

Céc tac gia sang ché ciing da phat hién thiy ring ciu tric cim bién do pH cua
OsNRT2.3b ¢6 vai trd quan trong cho céc tdc dung nay & gibng lta bing cach lién hop

trang thai d6 pH cuda lua véi dang nitrat duge bon vao.
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Theo mot khia canh khac, sang ché @ cép dén phuong phép diéu hoa can bang pH
ndi mo, bao gém bude bién nap va biéu hién axit nucleic cAu tric ¢6 trinh tu nhu néu
trong SEQ ID NO.1 duoc lién két didu khién véi trinh tu diéu hoa & thuc vat. Theo mot

phuong an, thuc vat nady khong phai 1a cay lua.

Theo mot khia canh khéc, sang ché & cap dén phuong phap 1am gidm murc d6 axit
héa trong thuc vét, bao gf“)m budce bién nap va biéu hién axit nucleic cAu triic co frinh tu
nhu néu trong SEQ ID NO.1 duoc lién két didu khién véi trinh ty didu hoa & thuc vat.
Theo mot khia canh, thyc vat nay khong phai 1a cdy laa.

Mirc do axit hoa c6 thé duoc giam it nhit khoang 0,1 don vi d6 pH, vi du 0,1, 0,2.
0,3, 0,4, 0,5, 0,6, 0,7, 0,8 hodc cao hon. '

Theo mot khia canh khac, sang ché dé ¢ép dén phucmg phép bién dbi kha ning van
chuyén nitrat va cin bang pH ndi mé cua thuc vat, bao gﬁ”)m buéc bién nap va biéu hién
axit nucleic cdu trac c6 trinh tw nhu néu trong SEQ ID NO.1 duoc lién két diéu khién véi
trinh ty didu hoa ¢ thye vat, trong d6 axit nucleic ndy chira dot bién & cu tric cam bién

8 pH VYEATHKI (SEQ ID NO.16). Thé dot bién nay thé hién chu tric cim bién d6 pH

phi chtrc nang.

Nhu dugc thé hién trong ban mé ta nay, trinh ty diéu hoa c6 thé 1a ving khéi dau
cAu triic nhu mé ta trong sang ché hoic Vﬁng khéi dau ddc hiéu md. Theo mdt phuong 4n,
ving khéi du 1a ving khéi ddu dic hiéu mé libe nhu mb ta trong séng ché.

~ Thuat ngtr thuc vat cling dugc dinh nghia trong ban mo ta. Tét hon néu, thuc vat
nay 1a cay lwong thuc. Tét nhat néu, thuc vat nay 1a ngd, laa, lta my, cai dau, laa mién,
dau tuong, khoai tdy, ca chua, nho, lGa mach, ddu Ha Lan, dau d6, ddu rdng ngua, rau
diép, bong, mia dudng, cu cai dudng, thudc 14, bong cai xanh hodc cac loai rau cai khac

hodc cdy duong. Theo mdt phuong 4n, thuc vat nay khong phai la cdy lua.

Sang ché cling mo ta viéc st dung axit nucleic c6 trinh tur nhu néu trong SEQ ID

NO.1, bién thé chtc ning, mdt doan hoic thé tuong ddng ctia n6 ma hoa trinh ty axit

“amin nhu néu trong SEQ ID NO.3, bién thé chirc ning, mo6t doan hoic thé twong dong
clia n6 chira cdu triic cam bién d6 pH VYEAIHKI (SEQ ID NO.16) dé diéu hoa do pH &

thuc vat chuyén gen.
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Theo mot khia canh khac, sang ché @& cép dén phuong phép cai thién kha ning
~ sinh truong cda thuc vét, bao gém bude bién nap va biéu hién axit nucleic cu triic ¢
" trinh ty nhu néu trong SEQ ID NO.1 duoc lién két diéu khién véi trinh tu diéu hoa vao
thye vat, trong d6 trinh tu didu hoa nay 1a ving khéi dau ciu tric hodc ving khéi dau dic
hiéu mé libe, va thuc vt ndy khong biéu hién qua mirc axit nucleic c6 trinh tur nhu néu

trong SEQ ID NO.2.

Theo mot khia canh khéc, sang ché dé cap dén phuong phéap céi thién hi€u sut st
dung nito cta thuc vat, bao gém bude bién nap va biéu hién axit hucleic cAu trac ¢6 trinh
tu nhu néu trong SEQ ID NO.1 dugc lién két didu khién véi trinh tu didu hoa vao thuc
vat, trong do trinh tu diéu_ hoa nay 13 ving khéi diu cdu tric hodc ving khéi dAu dic hidu
md libe, va thuc vét nay khong biéu hién qua mic axit nucleic c6 trinh tu nhu néu trong

SEQ ID NO.2.

Theo mdt khia canh khac, sang ché @ cip dén phuong phép cai thién ning suét
clia thuc vit, bao gdm budc bién nap va bidu hién axit nucleic ciu triic ¢6 trinh ty nhu
néu trong SEQ ID NO.1 dugc lién két didu khién véi trinh tu diéu hoa vao thuc vat, trong
dé trinh tu didu hoa ndy 1a ving khoi dau cdu tric hogc ving khéi d4u dic hidu mo libe,
va thyc vét ndy khong biéu hién qua mirc axit nucleic ¢6 trinh ty nhu néu trong SEQ ID

NO.2.

Theo mdt khia canh khéc, sang ché dé cap dén phuong phap cii thién kha ning
van chuyén nitrat cta thuc vat, bao gé)m budce bién nap va biéu hién axit nucleic cAu tric
¢ trinh ty nhu néu trong SEQ ID NO.1 dugec lién két didu khién véi trinh ty didu hoa vao
thuc vét, trong do trinh tu didu hoa nay 13 ving khéi déu céu truc hodc ving khéi dau dac
hiéu mé libe, va thyc vat nay khong biéu hién qua mirc axit nucleic ¢6 trinh ty nhu néu

- trong SEQ ID NO.2.

Theo mot khia canh khéc, sang ché dé cap dén phuong phép cai thién kha ning
hép thu nito cia thyuc vat, bao g@)m bude bién nap va biéu hién axit nucleic cAu tric c6
trinh tuy nhu néu trong SEQ ID NO.1 dugc lién két didu khién vdi trinh tr diéu hoa vao
thuce vat, trong do trinh tu didu hoa nay 12 ving khéi déu cdu tric hodc vung khoi dau dic
hiéu mé libe, va thuc vat nay khong biéu hién qua mirc axit nucleic c6 trinh ty nhu néu

trong SEQ ID NO.2.
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Theo mot phu:cmg an cia cac phuong phép khéc nhau theo sang ché dé cai thién
hiéu suét st dl_mg nito, kha ning sinh trudng, ning suit, kha néng hép thu nito va/hodc
van chuyén nitrat, cac tinh trang nay ting trong cac didu kién khic nghiét, vi du diéu kién

nghéo nito.

Do d6, theo mot khia canh khac, sang ché @& cap dén phuong phap tao kha ning
chéng chiu didu kién ngheo nito cia thuc vat, bao gdm bude bién nap va biéu hién axit
nucleic cdu trac c6 trinh tu nhu néu trong co trinh ty nhu néu trong SEQ ID NO.1 dugc
lién két didu khién véi trinh tu didu hoa vao thuc vat, trong d6 trinh tu diéu hoa ndy la
viing khéi dau cdu tric hogc ving khéi dAu dic hidu mo libe, va thuc vat nay khéng biéu

hién qua mirc axit nucleic c6 trinh ty nhu néu trong SEQ ID NO.2.

Do d6, theo mot khia canh khac, sang ché @ cap dén phuong phap tao kha ning
chdng chiu dich bénh cua thuc vat, bao gdm bude bién nap va biéu hién axit nucleic cdu
tric ¢6 trinh tu nhu néu trong ¢ trinh ty nhu néu trong SEQ ID NO.1 dugc lién két diéu
khién v&i trinh tu diéu hoa vao thuc vat, trong do trinh tu diéu hoa nay lz‘i‘vfmg khéi dau
cAu trac hodic ving khéi dau ddc hidu mb libe, va thuc vat nay khong biéu hién qua mic
axit nucleic cé trinh ty nhu néu trong SEQ ID NO.2. Khi thuc vat nay 1a Iua, thi dich
bénh nay co thé 14 bénh héo vang, bénh ddm 14 nhé va bénh ri soc.

Do d6, theo cac phucng phap néu trén, trinh ty diéu hoa theo phuong phép va thuc
vét néu trén nhu mo ta trong sang ché co thé 1a ving khéi dAu cdu tric nhu mo ta trong
sang ché, ving khoi ddu cam tmg hoic ving khéi du dic hiéu md. Theo mot phuong 4n,
ving khoi dau 1a ving khéi ddu dic hiéu mo libe nhu mé ta trong sing ché. Su bicu hién
dic hiéu mo libe c6 thé quan trong cho chirc ning ctia OsNRT2.3b, do md mach c6 vai
trd quan trong dé didu hoa d6 pH va gin ddy di phét hién thdy ring su van chuyénr nitrat
trong md libe xuét hién & thuc vat va c6 thé 13 qud trinh quan trong d& phéan bd nito dén
chdi. |

Thuét ngit thuc vat ciing duge dinh nghia trong ban mo ta. Tt hon néu, thuc vat
nay 1a céy luong thuc. Tét nhat néu, thuc vat nay la ngd, lda, lta my, cai dau, lua mién,
dau twong, khoai tdy, ca chua, nho, lta mach, ddu Ha Lan, du d6, ddu ring ngua, rau
diép, bong, mia duong, ci cai dudng, bong cai xanh hodc céc loai rau cai khéc hodc cdy

duong. Theo mot phuong an, thuc vat nady khong phai 1a cay laa.
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Theo mot khia canh khéc, sang ché @& cap dén phuong phap cai thién kha ning st
dung nito, nang suét, hiéu suit st dung nito, hiéu suét nito, kha ning chéng chiu diéu
~kién nghéo nito, khd ning ‘chéng*chiu dich bénh, kha nidng hép thu nito va’/hodc van
chuyéh nitrat cuia thuc vat, bao gém bude bién nap va biéu hién axit nucleic cAu trac ¢6
trinh ty nhu néu trong c6 trinh ty nhu néu trong SEQ ID NO.1, doan chirc néng hoge bién
thé ciia n6 dugc lién két diéu khién véi ving khoi dau ddc hiéu mo libe & thyc vat. Thuat
ngit thue vét cling duge dinh nghia trong ban mo ta. Tét hon néu, thuc vat nay 13 cay
luong thub. Tét nhit néu, thuc vat nay 1a ngd, lua, lda my, cai dau, lta mién, dau tuong,
khoai tdy, ca chua, nho, laa mach, ddu Ha Lan, ddu do6, dau rang ngua, rau diép, bdng,
mia duong, ci cai dudng, bong cai xanh hodc cic loai rau cai khic hodc cdy duong. Theo

mot phuong an, thue vat nay khong phai 12 cay laa.

Theo mét khia canh khéc, sang ché dé cép dén phuong phap san xuét thuc vat
chuyén gen having ning suét, kha nang sinh truéng va/hodc hidu sudt str dung nito dugce
cai thién bao gém budce: bién nap va biéu hiénv & thue vat hodc té bao thuc vat axit nucleic
cO trinh tu nhu néu trohg SEQ ID NO.1 dugc lién két didu khién véi trinh tu didu hoa,
trbng d6 trinh tu diéu hoa ndy 1a ving khai d4u cAu trac hodc Vﬁng khéri dau dic hiéu mo
libe, va thuc vat ndy khong biéu hién qua mirc axit nucleic ¢6 trinh ty nhu néu trong SEQ

ID NO.2.

Phuong ndy con bao gdm budc tai sinh thyc vét chuyén gen tir thuc vat hoic té
bao thuc vét sau budc a), trong do6 thuc vét chuyén gen chira axit nucleic ¢6 trinh ty nhu
néu trong SEQ ID NO.1 dugc lién két diéu khién véi trinh tr diéu hoa va thu dugc thuc
vat thé hé sau c6 ngudn gdc tir thuc vét chuyén gen, trong d6 thuc vt thé hé sau nay co
ning suit, kha ning sinh truéng vi/hoic hiéu sudt sir dung nito duogc cai thién. Cac

phuong phép nay dugc thuc hién nhu dugc mo ta trong ban mo ta nay.

Thye vat hodc bd phan cta né thu dugc bing phwong phép sin xuét thyc vat

chuyén gen nhu néu trén cling ndm trong pham vi cla sang ché.

Theo mdt khia canh khéc, sang ché dé cap dén thuc vét chuyén gen, biéu hién axit
nucleic ¢é trinh tu nhu néu trong SEQ ID NO.1 duge lién két diéu khién véi trinh tu didu
hoa vao thyc vat, trong d6 trinh tr diéu hoa nay 1a ving khéi dau ciu tric hoic ving khéi
d4u dic hiéu mo libe, va thuc vat nay khong biéu hién qua mirc axit nucleic c6 trinh tu

nhu néu trong SEQ ID NO.2.
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“Thuec vat ¢ thé duoc st dung theo phwong phap clia sang ché dugc liét ké cu thé
trong ban md nay nhung ciing bao gdm lua. Tét hon néu, thuc vét nay 1a cdy luong thuc

hodc thyc vat dung dé san xudt nhién li¢u sinh hoc nhu dugc md ta trong sang ché.

Tb6t nhét néu, thuc vt nay 1a laa, ngd, la my, cai dau, lia mién, dau tuong, khoai
tay, ca chua, thudc 14, nho, lta mach, ddu Ha Lan, déu d6, ddu rang ngua, rau di€p, bong,

mia duong, ci cai duong, bong cai xanh hodc cac loai rau cai khéac hodc cdy duong.

Theo mdt phuong an, thyc vat nay la laa my va vung khoi dau 1a ving khéi dau

déc hi¢u md libe nhu md ta trong sang ché. Theo mot phwong 4n, thuc vt nay 1a thubc 14
va vung khéi dﬁu 1a vung khéi déu dic hidu mé libe nhu mb ta trong sang ché.

. Khac blet & chd, thuc vat ndy cé nang suét, kha nang sinh trurorng, kha nang véan

chuyen nito, kha nang hip thu nito, kha ning chong chiu vé6i diéu kién bat loi vé nito

va/hodc hiéu suét sir dung nito durorc cai thién.

Céc muc dich va uvu di€ém khac cia sang che s€ dugc mo ta chi ti€t tir phdn mo ta

nay va bd yéu cau bao hd kem theo.

Trong khi phan néu trén tao ra phin mé ta chung cho di trong nam trong pham vi
clia sang ché, bao gdm céc phuong phap, san xuét va st dung sang ché nay ciing nhu cac
phurong an tbt nhit cna chung, thi cc vi du sau dugc dé xuét dé tiép tuc cho phép ngudi
¢6 hiéu biét trung binh trong linh virc nay thuc hién sang ché ndy va tao ra phan mé ta
hoan chinh cua n6. Tuy nhién, ngudi co hidu biét trung binh trong linh vyuc nay s& hiéu
rang cac vi du nay khong nhim muc dich gi6i han pham vi cia séng ché, pham vi ciia
sang ché cin dugc hidu tir bd yéu cdu bao hd va cac phan twong dwong ciia né duge thé
hién trong phdn md ta nay. Céc khia canh va phuong 4n khéc ctia séng ché s& hién nhién
d6i v6i ngudi c6 hiéu biét trung binh trong linh vire ndy khi xem xét ban mo ta nay. Cén
hiéu ring cac vi du nay khong giGi han pham vi ciia sang ché.

Toan bd céc tai liéu bdc 10 trong ban mo ta nay, bao gém cac tai li€u tham khéo,
co s& dit lidu v trinh ty gen hoic protein, duoc két hop vao sang ché bang cach vién din

Thuét ngit “va/hoic” duge sir dung trong ban mo ta dé chi mdt trong hai ddu hiéu
hogc thanh phﬁn v6i hodc khong véi d4u hiéu kia. Vi du “A va/hoic B” dugc dung trong
ban mod ta d& chi mbi thanh phan (i) A, (ii) B va (iii) A va B, cling nhu khi mdi thanh

phén nay dugc tach riéng.
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Trir khi c6 quy dinh k.héc; phin mo ta va dinh nghia cdc d4u hiéu nhu néu trén
khong bi giGi han béi khia canh hoic phuong 4n cu thé bat ky ctia sang ché va 4p dung

~ chung cho tit ca cac khia canh va phuong 4n duge mo ta.
Vi du thie hién sing ché
Sang ché s& duoc mé ta chi tiét trong cac vi du khong gi6i han sau

1. Qué trinh bidu hién axit nucleic OSNRT2.3a v axit nucleic OsNRT2.3b & ciy

lua.
Nguyén liéu va phuong phép.
Thiét ké vecto biéu hién qua mic va cdy Ita chuyén gen.

Cac khung doc ma m¢ cia axit nucleic OsNRT2.3a va axit nucleic OsNRT2.3b
dugc khuéch dai béhg cac doan mdi dic hiéu gen. Cac manh gen ndy duge xir Iy véi cac
enzym cit giGi han va chén vao vecto va gidi trinh ty true khi chuyén gen. M6 seo phéi
cia lta (Oryza sativa) dugce bién nap bing phuong phip chuyén gen nho
Agrobactérium3 3. Mot cay lua thé hé T, da chuyén gen duogc thu nhan va sinh truéng dé
tao ra giéng lua thé hé T;. Céc cay lua thé hé T, déng 'th tir dugc trong dé tao ra cac cay
laa thé hé T,. Hai giéng la thé hé T, biéu hién qud mic OsNRT2.3a, a-Ul va a-U2 va 4
giéng lta thé h¢ T, biéu hién qud mirc OSNRT2.3b, b-Ul, b-U2, b-S2 va b-S6 duoc sir
dung cho cac thir nghiém tiép theo. C4c thir nghiém trén ddng rudng véi cac cy lua thé
hé T, dugc thyc hién & trai thir nghiém Changxing thudc Dai hoc Zhejiang (05/2010 dén
10/2010) v6i 4 lugng phan bon ure 1a 0, 75, 150 va 300kg N/ha. Céc hat dugce gieo vao
ngdy 05/05 céc ciy ma cia mdi gibng lua duge cdy vao 3 hing mdi hang 33 ciy véi
khoang cach gitta cac hang 1a 25cm va khodng céch giita cac céy la 20cm vao ngay
05/06. Cac cay lua dugc sinh truong trong céc thira ruong (Fig.23a va Fig.23b) dugc bon
phan dam mot cach ngiu nhién & mdi lidu lwong. Déi vé6i thir nghiém trén quy mo 16n &
lidu lwong phan dam bing 75kg N/ha, cac cdy laa duge cdy vao 10 hang mdi hang 128
cdy (Fig.23d). Ba 16 rudng ldp lai dugc st dung cho toan bd céc thir nghiém trén d(‘“)ng
ruc}ﬁg va c4c thira rudng duge thu hoach cudi vu vao ngay 10/10. Tinh tré_lng dinh dudng
clia dét trong trai thir nghiém nay 13 lugng nito tong s6 (N): 1,00 = 0,18mg/g, luong
phospho tbng sé (P): 0,38 + 0,08mg/g, lugng kali tdng s6 (K): 39 + 2,3mg/g, P Olsen
(0,5mM NaHCO;-lugng P hoa tan): 23 =+ 4,'1mg/kg va 30 pH ciia d4t 12 6,3 + 0,47 (n=
6). Phan lan & lidu luong 60kg P (dudi dang Ca(H,PO,),)/ha va phén kali & liéu lugng
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10kg K (dudi dang K,SO4)/ha duge bon vao rudng ngdp nudc trude khi cly cac cdy ma.
Phan dam duogc bon 14n thir nhét trude khi cly vao ngay 03/06 va 20% lugng phan dam
tdng sb dugc tron vao d4t. Phan dam duqc bén 14n ther hai voi lwong 40% phan dam tdng
s6 vio ngay 12/06 khi cy lta bt ddu dé nhanh. Phan dam dugc bon lan cudi cfmg v6i
lwgng 40% phén dam tong sé_ Véo ngdy 20/06. Thoi gian sinh trudng tai trai thir nghi€ém
Changxing 14 120 + 3 ngay d6i v6i ciy laa thé déi, gidng laa a-Ul va gidng lna a-U2, va
130 + 2 ngay & ham lugng nito ndm trong khoang tir 0 dén 75kh/ha, 135 + 2 ngay Y
ham lugng nito bing 150kg/ha va 140 + 2 ngdy & ham lrong nito bing 300kg/ha dbi voi
céé giéng lua b-Ul, b-U2, b-S2 va b-S6. Nang suét hat dugc do & giéi doan thu hoach va
hiéu sudt sir dung nito dugc tinh theo cong thic: nang suét hat/lugng phan dam da bon.
Pé danh gia mac do hép thu 15N}, céc thir nghiém thu gom dich mé gd va dich mo libe,
céc diu kién sinh trudng trong mudi truong nuée duge st dung nhu dwge mo ta trong tai
lidu tham khao®* trén moi trudng nudi cy IRRi & do pH = 5,5 ¢c6 bd sung ngudn nito 12
1,25mM NH,NO trir khi ¢6 quy dinh khéc. ARN & 18 dugc chiét tach d& phan tich PCR
dinh lugng. | ' '

San xuét khang thé va thyc hién phan tich thdm tach Western.

Céc trinh tw ADN bd sung c6 chiéu dai diy du cia gen OsNRT2.3a va gen
OsNRT2.3b duge khuéch dai tir cac plasmit cia OsNRT2.3a (AK109776) va OsNRT2.3b
(AK072215) bing céc doan mdi xudi: GGAATTCTCACACCCCGGCCGG (SEQ ID
NO.17), mdi nguoc: CGGGATCCATGTGGGGC GGCATGCTC (SEQ ID NO.18). Céc
plasmit nay do Dr.Kikuchi cung cp (KOME). Ménh san phim PCR dugc tich dong cap
hai vao vecto biéu hién vi khudn pGSX (Amersham) & céc vi trf BamH I va EcoR I. Céac
~ san phim axit amin dugc tinh ché va céc khang thé don dong clia chiing dugc tdng hop™.
Khang thé don dong dugc chon tir 192 phén tmg dic hidu t& bao riéng biét ddi véi protein
OsNRT2.3a (516 aa) hoic OsNRT2.3b (486 aa). Qua trinh phén tach protein mang bao
turong va phan tich thim tach Western dugc thuc hién 13p lai hai 14n theo phuong phép

nhu dugc mo ta trong céc tai liéu tham khao'*,

Qua trinh lai héa tai chd ARN.

Qua trinh lai hoéa tai chd ARN duge thuc hién theo phuong phap nhu duge mé ta
trong tai liéu tham kh&o®. Dbi v&i mau do OsNRT2.3b, vi tri ge"ln két 12 & doan khong

dich mi diu 5' dic hiéu OsNRT2.3b ¢4 trinh tu 12 CGATGGTTGGGTGCGGCGAGA
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(SEQ ID NO.19). Trnh tr khéng dugc ding lam khuon 14
GCTACCAACCCACGCCGCTCT (SEQ ID NO.20). Toan bd cic miu do duge danh
ddu & ddu 5' bing DIG.

Dinh lugng ham lugng °N 6 ré.

Céc cay ma thé dai va cic cdy ma biéu hién qué mirc dugc sinh truéng trén moi
truong dung dich dinh dudng IRRI chira 1,25mM NHNO; trong hai théng trong nha
kinh, sau d6 dugc bon it phén dgjm trong 3 ngz‘xy. Céc cay lia dugc rira bang dung dich
CaSO, 0,1mM trong 1 phut, sau do chuyén vao dung dich chira 1,25mM Ca(NO3), (%
* nguyén tir °N: 99,27%) hodc ;(15NH4)ZSO4 (% nguyén tit °N: 95,7%) hodc *NH,NO; (%
nguyén tir *N: 45%) hode NH,"*NO; (% nguyén tir °N: 45,25%) hodic "NH,"’NO; (%
nguyén ttr °N: 95,5%) trong 5 phut va rira 1an cuéi bing dung dich CaSO, 0,ImM trong
1 phtt. Cac ré dugc tach khoi chdi ngay sau khi chuyén vao dung dich CaSOy lan cubi “
cling, va dé dong lanh trong nito 16ng. Sau khi nghién, bot r& dugc siy dén khéi lugng
khéng dbi & nhiét d6 70°C. Bot ré ciia mdi miu cdy (10mg) dugc phan tich bang hé thong
MAT253-Flash EA1112-MS (Thermo Fisher Scientific, Inc., USA) Toan b thur nghlem v

duogce 13p lai hai 14n mdi 14n vé6i 5 mAu lap lai.
Thu gom dich m6 g va dich m libe.

Céac ciy ma dugc sinh trudng trong 1,25mM NH4NO; trong 8 tudn, sau do6 chuyén
sang bon phan dam (nitrat: 1,25mM Ca(NO3),; amoni: 1,25mM (NH4),SOy) trong 24 gid
sau d6 cit & doan ré& c6 chiéu dai 16n hon 4cm. Phén bén duéi dung dich nito 1a dé thu

gom dich mé g va phin bén trén dung dich nito 14 dé thu gom dich mo libe'.

Dich md libe dugc thu gom bing cach dit md chdi la vao dng thiy tinh ¢6 dung
tich 50mL chira 15mL dung dich EDTA-Na, 25mM dugc phu bang mang parafin. Chdi
laa dugce ludn qua mang parafin va dich md libe dugc thu gom trong 24 gid. Su thay d6i
d6 pH mo libe duoc do biang may do pH (kiéu 868, Thermo Orion, USA) va tinh todn
béng su khac biét vé 3o pH & céac mau & thoi diém bét_dﬁu va két thic cia qua trinh thu
gdm dich mo libe. Thit nghi€ém nay dugc thuc hién véi 5 méau lp lai va duge lip lai hai

lan.

~ Dich md libe clia cling cic giéng néu trén cling dugc thu gom bing phuong phap
st dung réy nau. Mdi cdy laa dugc dit vao chai dung tich 250mL chtra dung dich dinh

dudng v6i 6 ciy duoc dit trong budng con tring & nhiét do 26°C va 16 gid chiéu sang.
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Bay dén mudi rdy nau truéng thanh dugc chuyén nhiém vao mdi ciy khi bat dau bon
phan dam. Dich mo libe tiét ra boi riy ndu duoc thu gom sau 24 gio, 48 gid bon phan
dam (Fig.17).

Qua trinh san xuét t bao trimg ctia &ch Xenopus, tiém ARN théng tin, thir nghiém
dénh gia mirc do hip thu °N va thir nghiém dién sinh ly. |

Qua trinh san xuét t& bao trimg ciia éch Xenopus, tiém ARN thong tin, thir nghiém
danh gia mérc do hép thu *N-nitrat va thir nghiém dién sinh Iy dwoc thyc hién theo cach
thirc dugc mo ta trong tai li€u tham khao’”>. 0,5mM Na'’N-NO; hoic "N-NH,CI trong
ND96 dugc st dung trong thir nghiém danh gia muc do hap thu °N trong 16 gio’®. Vi |

dién cuc chon loc pH duge sir dung dé do dé pH bao twong'®,

Thé dot bién diém OsNRT2.3b va tdng hop ARN thdng tin ctia thé dot bién diém
nay. |

Thé d6t bién diém (H167R) ciia OsNRT2.3b dugc tao ra Béng phuong phép PCR.
Thé dot bién nay dugce tao ra boi hai manh PCR ctia OsNRT2.3b véi diém dot bién va vi
tri éét gidi han méi trén cac doan mdi. ADN bd sung OsNRT2.3b trén plasmit pT7Ts
duoc st dung 1am khudn ADN va manh PCR tht nhit (H167RB) dugc tich dong cip hai
vao vi tri HindIII va Xbal cta plasmit pT7Ts. Plasmit méi va manh PCR tht hai (H167R)
dugc phén cét boi Csp45 I va Xba I va nbi thanh plasmit cubi cing chira ADN bd sung
OsNRT2.3b dugc dot bién diém H167R (pH167R). ARN thong tin ctia pH167R dugc
téng hop theo phurong phap duge mo ta néu trén.

Qua trinh tdng hgp ARN va lai hoa trén chip ADN.

Ba mau chdi lap lai cia mdi giéng laa thé dai (Nipponbare), gidéng 1ua a-Ul va
gidng lta b-S6 dugc thu nhén tir thira rudng duge bén 150kg N/ha & trai thit nghiém
Changxing vao 10:00 sang ngay 01/08, tirc 14 & giai doan dé nhanh manh nhit ctia toan
b0 céc cdy Ita. Cac miu md chdi dung dé tach chiét ARNA duoc dong lanh nhanh &
nhiét d6 -80°C trong nio 16ng ngay trong qué trinh thu nhan. Qu4 trinh chiét tich ARN,
lai hoa v6i chip gen Affymetrix ddc hiéu cho Ita (Santa Clara, CA, USA), phén tich di
liéu va giai trinh ty dugc thyc hién theo phuong phap nhu duge mo ta trong tai li¢u tham
khao*.

Phuong phép PCR dinh luong.
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ARN t8ng sb tir ba mAu sinh hoc, diic biét 1a tir ré va chdi ctia cic gidng Ita thé dai
va gidng lua chuyén gen, dugc phan lap bing thudc thir TRIzol theo huéng din ctia nha
san xuét (Invitrogen Life Technologies, Carlsbad, CA, USA)13.

Danh gi4 hiéu sut trao ddi khi va dbt chay CO, sau khi tiép xtc véi anh sang.

Hiéu sudt quang hop khi dugc chiéu sang diy du cla cic 14 cd & cay lua duge do
tir 9:00 gid dén 15:00 gid bang hé thdng quang hgp mé di dong Li-Cor 6400 & cac cay
laa dugc bén 150kg N/ha & trai thir nghiém Changxing vao cing ngay 14y miu dé phan
tich bang chip gen. Nhiét d¢ 14 trong qu4 trinh do dugc gilt & nhiét o 27,0°C + 0,1°C véi
cudng d6 dong luong tir 4nh sang quang hop (PPFD) bing 1500umol lugng t 4nh sang
m™>.gidy”’ nhu dwoc mb ta trong tai liéu tham khao*'. Nong dé CO; moi trudng trong
cong do (Ca-c) duge diéu chinh theo ndng d6 CO, trong khéng khi (Ca) (417 + 1,0pmol |
CO, mol™), va @6 4m tuwong dbi duoc giir & nhiét d@ 20%. Dit liéu dwugc do khi dat dén
trang thai cAn bang dn dinh (10 phut).Céac 14 d4 do dugc danh diu, va dién tich 14 dugc
tinh toan dya trén dién tich 1a da danh diu. Hiéu suét dbt chay CO, sau khi tiép xuc voi
anh sang (PIB) du‘c_yc’ do & clng 14 da danh d4u trong cac diéu kiéh hé6 hép (bdo hoa PPFD
va béhg 1,500pumol hI()’ngr tir 4nh sdng m>.gidy "', ndng d6 CO, trong cong do bing
100pmol CO, mol™, dd 4m twrong d6i nim trong khoang tir 60% dén 70%) nhu du¢c mo

ta trong tai liéu tham khao™.
Két qua thir nghiém.

Kha ning sinh truéng cia cic cdy lua biéu hién qua mirc OsNRT2.3b duge cai
thién.

Céc tac gia sang ché da san xu_a"lt thanh céng giéng la (Oryza sativa L ssp.
Japonica, giéng Nipponbare) biéu hién qua mic OsNRT2.3a va axit nucleic OsNRT2.3b
bing phuong phép chuyén gen nh& Agrobacterium, st dung ving khoi diu ubiquitin
hodc ving khoi ddu 35S (Fig.1a va Fig.1b). Cac gidng lta biéu hién qua mirc OSNRT2.3a
duoc dat tén 13 a-U1 va a-U2, c4c gibng lba biéu hién qua mirc OsNRT2.3b duoc dit tén
1a b-Ul, b-U2, b-S2 va b-S6, v6i mdt ban sao copy gen chén. Piéu ngac nhién 1a, cac
gidng lta biéu hién qua mirc OsNRT2.3b, ma d3 dugc kiém chimg & ca mirc d6 phién ma
13n ham luong protein (Fig.1c va Fig.1d), c6 kha ndng sinh truéng cao hon gidng laa thé
dai (Fig.1a va Fig.1b). Sinh kh&i rom ra va chiéu dai bong Ita ciia cac gidng lGa biéu hién

qua mirc cao hon giéng laa thé dai (Fig.11; Bang 2 va Bang 3). Do kich ¢& than cép mot
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va than cip hai ting, nén tong s6 lwong hat/bbéng lta cao hon gidng laa thé dai (Fig.11,
Béng 2). Tréi lai, cac gidng lta biéu hién qua mirc OsNRT2.3a khong c6 su khac biét vé
cac tinh trang so vdi giéng laa thé dai cho du mbc d6 biéu hién ARN thong tin
OsNRT?2.3a va ham luong protein ting & cic gidng lua chuyén gen nay (Fig.lé va Fig.1d,

Fig.11). Két qua lai tai chd cho thdy ring ARN thong tin OsNRT2.3b & 14 cla gidng lia |
b-S6 dugc biéu hién qué mire & t& bao biéu bi, md libe va té bao diép luc khi so véi giéng
laa thé dai (Fig.1le). Hon nita, khi OsNRT2.3b dugc biéu hién qua muc & ¢ gidng lua
khéc c6 ndng sﬁét va hiéu sut st dung nio cao, vi du giéng laa WYI7 c6 xuat xir tir mién
Nam Trung Quéc va giéng lta YF47 ¢6 xuét xir tir mién Bic Trung Qudc, thi ning suét
hat va hiéu suét st dung nito ctia Chﬁﬁg (ning suét hat chia cho Iugng phan dam dugc

bon) ciing ting dang ké (Fig.12 va Fig.13).

Thir nghiém trén ddng rudng céc gidng lia biéu hién quéa mirc c6 nang suét hat va
hiéu suét sit dung nito ting & ca didu kién khi hau nhiét d6i va can nhiét d6i va céc liéu
lugng phén dam khéc nhau.

Dua trén kiéu hinh dn dinh ciia cac giéng lua biéu hién qué mirc OsNRT2.3b trong
céc chau dit ngdp nudc, cac tic gia sang ché da gieo tréng chon loc céc gidng lua chuyén
gen Nipponbare, WYI7, YF47 va cac gidng lua thé dai ctia ching trén 4 thir nghiém dé

d4anh gia dic tinh ctia ching & céc liéu lugng phan dam khéc nhau.

Bén gibng laa Nipponbare chuyén gen thé hé T, va gidng lta thé dai dugc gieo
trong va bén phan dam véi 4 liéu luong khac nhau trén cdnh ddng laa (d6 pH cia dit =
6,3) & trai thir nghiém Changxing trong ving khi hau cén nhiét d6i (Fig.2). So v6i cly lta
thé dai, sinh khéi rom ra, sb luong hat/bong lua, ty 1& chin, ning sudt hat va hiéu suét sir
dung nito cia cic giéng lta chuyén gen da ting dang ké & toan bd céc lidu luong phan
dam dugc bon (Fig.2a-Fig.2c, Bang 5). Mirc ting ning suét hat trung binh nim trong
khoang tir 33% & lidu lugng 75kg N/ha dén 25% & liéu lugng 300kg N/ha. Ning suit hat
clia cac gidng lua biéu hién qui muc axit nucleic dwgc bén phan dam véi lidu lugng
150kg N/ha cao hon ning suét hat cia giéng lua thé dai dugc bon phan dam véi lidu
lwong 300kg N/ha tir 6% dén 13% (Fig.2b). Pc biét 13, nang sudt hat cta giong laa b-S6
duoc bon phan dam véi liéu lugng 75kg N/ha 13 twong duong véi ning sut hat cia gidng
laa thé dai duoc bon phan dam véi lidu lugng 300kg N/ha (Fig.2b, Bang 5). Hiéu suit st

dung nito ciia cac giéng laa biéu hién qua mirc OsNRT2.3b nim trong khoang tir 68 dén
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79 g/g N & liéu 1uqng phan dam bang 75kg N/ha, so véi 55 g/g N & gidng lGa thé dai
(Fig.2c). Trong thit nghi€ém quy mo 16n trén ddng rudng duge bén 75kg N/ha, ning suét
* va hiéu suét sir dung nito cta giéng laa b-U2 cao hon ning sudt va hiéu suét sir dung nito
cﬁa gidng lia thé dai 30,5%; dbng thoi ning suét va hidu suét st dﬁng nito cua gidng laa
b-S6 ciing cao hon ning suit va hidu sudt st dung nito cla gidng laa thé dai 40,5%
(Fig.2d, Fig.2e, va Fig.2f). | |

Trong thtr nghiém thir hai, céc cay lua thé hé T5 cia cac gibng lia b-S2 va b-S6 |
dugc gieo trdng & trai thir nghiém Hai Nam trong‘ vung khi hdu nhiét d6i (Fig.14a). Nang
sut hat va hiéu suét sir dung nito ctia cic gibng lia ndy cling tdng déﬁg ké. Sur khac biét
16n nhét giita cac gidng laa chuyén gen va gidng lia thé dai Nipponbduoc thé hién & lidu
luong phan dam bang 110kg N/ha (Fig.14b). Hon nita, qua trinh lai chéo gidng lua b-S6
thd hé Ts v6i giéng lua thé dai da kiém chimg dugc ring kiéu hinh ctia giéng lia b-S6
hoan toan dugc tao ra bdi su biéu hién qua mirc OsNRT2.3b nhu & céc cdy laa thé hé F,,
kidu gen aa dugc di truyén cho giéng lia thé dai va kiéu gen AA giéng nhu b-S6
(Fig.15).

Trong thir nghiém thtr ba, cac gibng lia WYJ7 biéu hién qué mirc OsNRT2.3b
duoc tré)ng va bon phan dam véi liéu lugng 110kg N/ha va 220kg N/ha 6 trai thir nghiém
Changxing. Trong sb 4 giéng lta WYJ7 chuyén gen (thé hé T,), ning suat hat cao hon
ning suit hat ca gidng lua thé dai tir 35% dén 51% & lidu luong phan dam bang 110kg
N/ha va tir 38% dén 42% & lidu lwong phan dam bing 220kg N/ha. Hiéu suét st dung
nito trung binh cao hon hiéu sudt st dung nito trung binh cta gidng lua thé dai 43%

(Fig.12f).

Trong thir nghiém thir tu, cic giéng lta YF47 biéu hién qua mirc OsNRT2.3b
dugc trng & tinh Hai Nam, Trung Qudc (Fig.15). Tuong tu két qua thu dugc trong hai
thir nghiém néu trén, cic gidng lia YF47 biéu hién qua mirc OsNRT2.3b ¢6 sinh khéi
rom ra cao hon va ning suét hat cao hon ning suét hat ciia gibng lta thé dai 39% & liéu
lugng phan dam thong thuong (150kg/ha) (Fig.13a, va Fig.13d). Tém lai, sy bidu hién
qua muac OsNRT2.3b tao ra ndng sut hat va hiéu sut sir dung nito déu ting & céc giéng

lGa, diéu kién khi hau, va liéu lugng phan dam khéc nhau.

O gidng lua Nipponbare biéu hién qua mirc OsNRT2.3b, giai doan trd bong dién

ra cham hon so v6i cay lta thé dai 13 15 + 2 ngdy & liéu lugng phén dam bing 150kg/ha
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va 20 + 2 ngdy & lidu luong phan dam bang 300kg/ha (Fig.2a, Fig.2d, Fig.16, Bang 1).
Trong c4c thir nghiém tréng trong chiu véi cic gidng lna ndy, sau 120 ngdy gieo hat,
ning suét hat ciia gidng lia b-S2 va b-S6 cao hon ning sudt hat ciia gidng lua thé dai
37% va 40% (Fig.16g). Sau 140 ngay, nang sut hat cia giéng Iia b-S2 va b-S6 cao hon
ning suét hat cia gidng l6a thé dai 55% va 49% (Fig.16g). Khoang thoi gian kéo dai
thém 20 ngdy nay chi 1am ting ning sut hat ciia gidng lda b-S2 va b-S6 bing 18% va
9% so V('ri ning sudt hat sau 120 ngdy d4u tién. RS rang 14 sy bidu hién qua mirc
OsNRT2.3b anh huéng dén ning suit hat manh nhét sau 120 ngay. Hon nita, khoang
thoi gian kéo dai thém 20 ngay nay hiu nhu ciing khong 1am ting mac do hép thu nito
cla céc gidng Iia biéu hién qua mitc OsNRT2.3b (Fig.16h). Tuy nhién, khoang thoi gian
- kéo dai thém 20 ngay nay da lam tang ty 1¢ sinh khéi rom ra va téc dd chuyén héa nito
thanh hat (Béng 3 va Bang 4) va hiéu suét str dung nito (ddng hoa) (NULE) tir 33g hat/g
nito sau 120 ngdy (gdn nhu khong khéac biét so véi gidng lta thé dai) dén 39,1-40,2g
hat/g nito sau 140 ngdy (cao hon dang ké gidng laa thé dai dbi véi gidng laa b-S2 Ve‘l b-
S6 (Fig.161). Trén thuc té, & cac gidng lta WYJ7 va YF47, giai doan trd bong khong dién

ra chdm hon so véi giong lGa thé dai.

Su biéu hién qua mic OsNRT2.3b da lam tdng mtrc do hép thu nitrat, van chuyén

dén chdi, dd pH mb gd, can bang pH ndi md & md libe, tich tu P va Fe & 14.

Anh huéng cua su biéu hién qua muc OsNRT2.3b-dén mire d6 hip thu N-nitrat &
bén gibng lua chuyén gen Nipponbdugc gieo trong trong didu kién ngap nuéc & 6 pH =
6,0 (Fig.3a). Téc do hip thu nitrat d4 ting déng ké & toan bd cac gibng laa chuyén gen so
v6i cy lta thé dai (Fig.3a), diéu nay chimg t6 rang hoat tinh clia axit nucleic OsNRT2.3b
da ting & cac gidng laa nay. Trai lai, sy biéu hién qua mirc OsSNRT2.3b khong anh hudng

dang ké dén mirc do hép thu >N-amoni trong thoi gian ngén (Fig.3a).

Ham luong nitrat va amoni & mo gd ciia cac gidng lta b-U1, b-U2, b-S2 va b-S6
14n luot cao hon va thip hon so véi cdy lGa thé dai khi bén phan nitrat (Fig.3b). Do pH
md gd bang 7 va 7,3 & gibng laa thé dai 14n lugt duge bén véi nitrat va amoni, trong khi
d6 @6 pH mé gb bang 7,5 va 7,6-7,8 & cac giéng lua biéu hién qua mirc OsNRT2.3b, cao
hon déng ké so vdi gidng laa thé dai. Sau 24 gio bén phan dam, dich mé libe duge thu
gom. Dy pH & dich mo libe duge do bang phuong phap thu gom EDTA-Na,'® va d6 axit
thdp duoc phét hién & cac gidng laa bidu hién qua mirc OsNRT2.3b. Su khéc biét giita
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giéng laa thé dai va céc giéng lia biéu hién qua mirc 1a khoang 0,2 don vi d6 pH khi bon
phén nitrat va khoang 0,1 don vi d§ pH khi bon phén amoni. Dé kiém chung d pH dich
mo libe bing phuong phép khac, dich md libe dugc thu gom bing phuong phap st dung -
rdy nau (duoc md ta trén Fig.9). Do pH dich md libe & gibng lta thé dai da giam tir 7,8
~ dn 6,1 va @6 pH dich md libe & gibng lia b-S6 da giam tir 6,7 dén 6,0 sau 24 giy dén 48
gid bon phan nifrat (Fig.9a); trong khi d6 khi bon phan amoni, d6 pH dich m6 libe &
gibng It th8 dai da giam tir 7,4 dén 6,3 va d6 pH dich mé libe & gidng lta b-S6 da giam
tr 6,6 dén 5,9 tir 24 gitr dén 48 gid (Fig.9b). Su khéc biét dang ké gita gidng laa thé dai
va gibng lua b-S6 xuét hién sau 24 gio, tuy nhién sy khac biét dang ké khong xuét hién
sau 48 gid. Khi bon phan amoni, mac du d6 pH dich md libe & gidng lta thé dai cao hon
so véi giéng lta b-S6, nhung si.I khac biét nay 1a khong dang ké (Fig.9b). Mtrc do axit
hoa dich mé libe & gidng Ita thé dai khi bon phén nitrat 1a khoang 1,7 don vi d6 pH, tuy
nhién méc d9 axit héa dich md libe chi bing 0,7 don vi 46 pH & giéng laa b-S6 (Fig.3e).
Sau 48 gio, dich md sép thu gom duge duge diéu chinh d6 pH dé thu dugc céac tri sb
tuong dwong hon ddi véi cdy laa thé dai va b-S6 thyc vat (Fig.9b). Hon nita, d6 pH
khong bao & ré cia giéng lta thé dai va gibng lda b-S6 duge do bang chét chi thi tim

1
bromcresol!’

sau 72 git bén phén dam voi lidu lugng khac nhau. Gidng lta biéu hién qua
mitc b-S6 ¢6 d6 pH kiém khi bén phﬁh nitrat va mic d axit hoa khi bén phén amoni so
v6i gibng laa thé dai (Fig.18a, Fig.18b), trong khi d6 do pH trong mdi trudng nudc
khong c6 su khic biét dang ké gitta gidng laa thé dai va gidng ltia b-S6 trong cling

khoang thoi gian (Fig.18¢c) do thé tich méi truong di 16n d& 1am can bang d6 pH & bé mit

~
n

ré.

Khi bén phén amoni nitrat, thi ndng do P va Fe tng sd & cac gidng lua cling dugc
do. Ndng do P va Fe téng s6 & 14 cua cac gibng laa biéu hién qua mirc déu cao hon so v&i
cay lua thé dai (Fig.19), ddc biét 1a ndng dd Fe tbng sb cao gip tir 3 dén 6 1an so véi

gidng laa thé dai.

Su biéu hién qua mirc OsNRT2.3b di lam ting muc 4o hép thu nito tdng s khi
b6n hdn hop phén amoni va nitrat & d6 pH bang 4 va 46 pH bang 6.

Cac giéng Ita dugc bon it nito dugc bén bd sung vdi NH415NO3 hodc 15NH4NO3
hodc "NH,’NO; & do pH bing 4 va do pH bing 6 trong 5 phiit dé danh gia mirc d hap
‘thu nito béi ré& (Fig.4). Céc két qua nay cho thiy khi 46 pH ting, mirc d6 hdp thu "NO;’
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giam, NH," va N tdng sé ting déng k& ddi vai ca gibng laa thé dai 14n toan bd céc
gibng Ina chuyén gen OsNRT2.3b (Fig.4a, Fig.4b, va Fig.4c). Céc gidng lua biéu hién
qua mire OsNRT2.3b ¢6 mitc dd hép thu *NH,NO; va nito téng sb & do pH bing 4 va do
pH bang 6 ting. Trong cic thir nghiém trén ddng rudng, d6 pH cia dat nim trong khoang
tir 4,4 dén 6,4 (Fig.1, Fig.2, Fig.13-Fig.14), kiéu hinh ctia c4c gidng laa chuyén gen trong
trén ddng rudbng co6 thé duoc giai thich béng kha ning hip thu nito tbng sd (nitrat va
amoni) clia cac gidng lGa ndy. |
| Chuc ne‘mg van chuyén cia OsNRT2.3b dugc diéu hoa bdi d6 pH bao tuong.

- Do su bivéu hién’qué mirc OsNRT2.3b anh hudng nhiéu dén hidu suit st dung nito
va kha néng sinh trudng cuia lta va téé dung nay lién quan dén can bang pH noi mb ciia
thue vat, nén éhl’Ic ning vaﬁ chuyén cﬁa axit nucleic OsNRT2.3b da duch kiém chung &
cap do phan tir. Trong céc thir nghiém bidu hién khong tuong ddng, cac thay dbi boi
nitrat theo dién thé mang cta té bao trimg éch Xenopus biéu hién OsNRT2.3b khong thé
~ d4p g Vvéi viéc bd simg nitrat lién tuc (Fig.5a). Té bao trimg ctia éch Xenopus cin dugc
nghi trong it nhét 30 phit giita c4c 1an bd sung nitrat @& phuc hdi dap tng dién thé hoic
c6 thé dap l’xhg v6i nitrat ngéy sau khi rira bdng dung dich nudc mudi c6 d6 pH = 8,0
(Fig.5a). Két qua do bang dién cuc pH kép cho thiy ring mirc do axit héa clia bao tuong
- ting 0,2 don vi dﬁ ngin ngira dap ung 1an thir hai v&i nitrat clia té bao tring éch Xenopus
dugc tiém OsNRT2.3b (Fig.5a). Pap tng cia d6 pH bao tuong xhuit hién cham hon so
vé6i su thay dbi dién thé mang theo nitrat dugc bd sung vao tir bén ngoai (Fig.5a). Viéc do
pH bao tuong dap tmg chadm hon so véi sy thay d6i dién thé mang dugc mo ta trong cac
tai liéu tham khao'®?.

CAu tric xuyén mang cip hai ddng nhit cia OsNRT2.3b dugc x4c dinh bang cac
phin mém. Két qua phan tich bang 14 phan mém cho thdy OsNRT2.3 ¢6 11 chu triic
xuyén mang cip hai dong nhit v6i du tan clng N ndm trong bao twong va 5 cu tric
xuyén mang cip hai dong nhét dau tién duge thé hién trong bang duéi ddy. Axit amin H
167 dliqc xéc dinh nim trong bao tuong trong ca bang sb liéu va hinh v&, dugc thé hién
V(’)’i. thé dbt bién diém don muc tiéu trong phén x4c dinh céu tric cip hai duéi day, dugc
xac dinh bai http://bioinfo.si.hirosaki-u.ac.jp/~ConPred2/.). Cu truc cam bién do6 pH
VYEAIHKI 12 nim gin gbc histidin 167 trong phan bao twong.
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Pidu ngac nhién 13, két qua phén tich tin sinh hoc cdu tric protein OsSNRT2.3b thu
duge cho thiy chu tric cam bién do pH VYEATHKI ndm gin gbc histidin (H) cia
OsNRT2.3b huéng vé& phia bio tuong ctia mang sinh chit nim sau vi tri dot bién diém
(H167R), OsNRT2.3b le‘mi mét chirc ning didu hoa d pH ctia bao tuong, ngay ci sau khi
bon phan nitrat nhidu 14n (Fig.5b). Cac két quéa nay cho thy ring co ché can bing ndi
‘sinh 40 pH ndi m6 cua té bao trimg éch Xenopus c6 thé khéi phuc d6 pH bao turong cao
hon ngudng pH dbi v6i hoat tinh van chuyén cia OsNRT2.3b. Khi té bao trimg éch
Xenopus duge U voi N-nitrat chi trong 4 gid, tic dung didu hoa ctia do pH ba‘io tuong
dén su van chuyén nitrat dugc thé hién rd nhét, khi so sanh dang dot bién H167R va dang
thé dai cta OsNRT2.3b cho thiy réng dot bién nay 1am ting tich tu nitrat nhiéu hon
(Fig.5c). Tuy nhién, sau 8 gid u da khong c6 su khac biét vé hoat tinh cia hai Ioai gen
véan chuyén nay; diéu nay chiing t6 ring sau khi @ trong thdi gian dai, nitrat 43 dugc tich
tu tdi da trong té bao trimg éch Xenopus. |

Giam biéu hién gen h6 hip va kha ning quang ho hép.

Mot sb gen duoc biét 12 ¢6 lign quan dic hiéu véi hoat tinh ho hép cta thyc vét 2 1
Két qua phan tich bing chip gen va PCT dinh luong v& mirc d6 biéu hién gen cho thiy
rang kha nang quang ho hép da dugc bién dbi & gidng la biéu hién qua mirc OsNRT2.3,

khi so véi cdy laa thé dai va cac giong lda bi€u hién qua mirc axit nucelic OsNRT2.3a.

Hiéu sudt quang hop tdng sb & cac gidng Iia b-S2 va b-S6 cao hon so véi cay lua
thé dai, tuy nhién hiéu suit quang hop tdng s6 & cic giéng lia b-U1 va b-U2 hiu nhu
khong ting. Tuy nhién, ndng do 'COZ n6i bao ting va kha ning quang ho hip giam & toan
b cac gidng lua biéu hién qua muc so véi cly laa thé dai (Fig.20). Kha ning quang ho
hip giam va tbc d6 quang hop ting & cac gibng lta chuyén gen c6 thé gitp tao ra nhiéu
sinh khéi hon®*. Cac két qua nay cho thiy rang hiéu suit quang hop ting & cic gidng lua
biéu hién qua mac OsNRT2.3b gop phan tao ra kiéu hinh 6n dinh.

Két luan.

Sy thay dbi hoat tinh cam bién do pH ctia OsNRT2.3b 1a mot trong s6 cac yéu td
chinh dé tao ra kiéu hinh cta cac giéng la chuyén gen, khi bién nap thé dot bién gen
OsNRT2.3b H167R gen vao cé4c cy lia Nipponbare khong 1am ting chiéu cao, ning suét
va lam chdm giai doan sinh san (Fig.21). Cu trac cam bién dé pH VYEAIHKI (SEQv ID
NO.16) nim gin gbc histidin 167 13 dic tinh thuong thdy & ho trao ddi anion, ma duge
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tim thdy & nhiéu sinh vat khac nhau bao gdm dong vat c6 vii, do d6 c6 ¥ nghia vé mit
sinh hoc hon?. Viéc ting d6 pH méi truong bén ngoai da lam giadm tich tu nitrat & té bao
tring éch Xenopus biéu hién axit nucleic OsNRT?2.3b (Fig.5d), diéu nay gitp khéng dinh
rang OsNRT2.3b 13 gen d(‘)ng van chuyén proton-nitrat”. Viéc tdng do pH mdi truong
bén ngoai da lam giam gradien ndng d proton didu khién sy van chuyén nitrat, nhung
nguoc lai né 1am phuc hdi chire ning vén chuyén nitrat cia OsNRT2.3b bang cich kiém
héa mdi trrong bao twong hon. Ca hai tic dung nay xut hién nho sy thay ddi d6 pH,
nhung x4y ra trén cic mat khéc nhau ciia mang sinh chét. O thuc vat sy hép thu ddng thoi
nitrat va amoni trai ngugc véi tac dung diéu hoa d6 pH bao twong ciia cAu tric cam bién
(6] pH ctia OsNRT2.3b. Co ché ddng van chuyén proton nay 13 ¢ van chuyén nitrat vio
t€ bao tao ra méi truong axit cho bao tuong, trong khi dc’)b su van chuyén amoni ¢6 thé tao
ra moi tru’émg kiém cho bao twong® ma c6 thé 1am ting vén chuyén ddng thdi proton-
nitrat. Tac dung hiép ddng tam thoi gitta van chuyén amoni va nitrat dé duy tri do pH bao
trong c6 thé gitp giai thich dugc Viéé ting muc do hip thu N-amoni khi cac giéng lta
dugce bon ngudn phan dam hén hop (Fig.4), va loai trir kha ning c6 thé ty hip thu amoni
cua protein OsNRT2.3b ¢ té bao trimg &ch Xenopus (Fig.22). O gibng laa thé dai, mirc
d6 bidu hién OsNRT2.3b 1a thép" va nim chu yéu trong md libe cua 14 chir khong phai ré
(Fig.1d). Céc giéng laa biéu hién qui mirc OsNRT2.3b dugc didu khién bsi ving khéi
ddu c6 4i lyc manh c6 mitc do biéu hiéh & md cao hon binh thuong (Fig.1d). Téc dung
hiép ddng gitra van chuyén amoni va nitrat dugc cai thién bang cach biéu hién qua mirc

gen vén chuyén cam bién d6 pH OsNRT2.3b & té bao ré.

D3 biét ring dang phan dam cung cip cho thyuc vét anh hudng dén can bang pH &
thuc Vat24. Qua trinh déng héa amoni tao ra it nhat mot H' or mét NH,'; trong khi d6 qua
trinh déng héa NOj™ tao ra nhiéu nhit moét OH™ tir mot NO5” 4 TonH hodc ion OH™ cin
duogc tao ra voi lugng du dé duy tri d6 pH bao tuong dugc boc 16 ra khoi té bao trong
budc tiép nhan ning lugng (vi du bom H™ ATPaza & mang sinh chat)*!. Su biéu hién dic
hiéu & md mach cia gidng lta thé dai cho thiy vai trd dic hiéu ciia cia OSNRT2.3b trong
viéc van chuyén nito trén quing dudng dai trong thuc vat. Pé kiém chung gia thuyét nay,
d6 pH cua dich mo libe tir cc giéng laa sinh trudng trong diéu kién nghéo nito dugc bon
nitrat hodc amoni dugc so sanh. Viéc bon nitrat va amoni da lam axit héa d§ pH cta dich
md libe cua gidng lua thé dai va cac gidng lda chuyén gen (Fig.3d, va Fig.3e). Piéu ngac

nhién 13, mirc do axit héa & md libe cta 4 gidng lua chuyén gen thp hon dang ké so véi

-60-



26897

cdy lta thé dai (Fig.3d, va Fig.3e) mic di khéng c6 su khac biét dang ké vé ndng do
nitrat ¢6 thé duogc phat hién & mé libe (dir liéu khong dugce thé hién). Céc dit lidu nay cho
' thdy cac gibng 1ta chuyén gen c6 kha ning didu hoa dd pH dich mb libe tét hon, va day
la yéu td quan trong dé& cai thién hiéu suét sir dung nito. Hon nita, su khac biét vé dd pH
dich md libe giita giéng lua thé dai va cac giéng lta chuyén gen (Fig.17a, b) c6 thé giai
thich cho viéc P va Fe duogc tich ty nhiéu hon & 14 ctia cic gidng lta biéu hién qua muc
OsNRT2.3b (Fig.19). Dich m6 libe c6 tinh axit hon (Fig.17) s& c6 loi cho viéc van
chuyén P va Fe vao 14%. Tuong tu, kha niang hép thu nito dugc ting cudng cling 1a yéu té

quan trong dé cai thién kha nang sinh trudng va ning sudt thuc vét.

ba duogc ghi nhan ring mirc d6 axit héa bao twong da 1am bat hoat qu4 trinh van
* chuyén nudce qua kénh van chuyén nuée & t€ bao tn’rng' éch Xenopus%. Nhu duge mo ta
trong cac tai li€u nay va céc tai liéu tham khao khac?S, cho thiy d6 pH bao twong c6 thé 1a
yéu t6 didu hoa quan trong ddi v6i ca gen ma héa kénh van chuyén nuéc va gen vén
chuyén nitrat & thuc vat. Hon nita, do qu4 trinh ddng hoa nitrat phy thudc vao qua trinh
h6 hip®’, nén méi twong quan™® gifta qué trinh ddng hoéa nitrat, amoni va qué trinh hd
hép dugc két hop chit ché véi hé thdng véan chuyén malat giita té bao chit va luc lap dé

cén bang d6 pH®.

Nhiéu tinh trang quan trong & cdy tréng nhur hiéu suét st dung nito da dugc biét 1a
c4c tinh trang duoc ma hoa bai nhiéu phirc hop gen’. Tuy nhién, mét sé bai béo cho thiy
su thay ddi biéu hién ctia mét gen chuyén duy nhit c6 thé cai thién dang k& higu suét sir
dung nito cua cay tréng3 032 Nang suét duoc cai thién déng ké cta cac gidng lna chuyén
gen OsNRT2.3b trong céc diéu kién ddng rudng khac nhau mo ra trién vong cai hién hiéu
sudt sir dung nito ctia cdy laa bang cach biéu hién qua mirc mot gen chuyén duy nhit. Su
két hop cin bang pH va hiéu suét st dung nito c6 thé tao ra ciy trdng c6 dic tinh ndi troi
hon va tao ra phuong phép hiéu qua dé cai thién hiéu suét str dung nito.

2. Biéu hién OsNRT2.3b & cdy Mu tac.

Dit liéu biéu hién béi ving khoi ddu 35S ctia OsNRT2.3b & cay Mu tac dugc thu
nhan. Cdy mu tac dugc bién nap bing ky thuit chuyén gen nhing chim hoa nhd
Agrobacterium (Clough & Bent 1998). Trong céc thir nghiém sinh trudng trén dia Petri,
cac cay Mu tac dugc bon phan nitrat véi ham lugng bing 0,2mM hoic 6mM. Ba giéng
M tac biéu hién qua mirc OsNRT2.3b (duoc kiém chimg bing céch do ham lugng ARN
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thong tin bang phuong phip PCR dinh Iugng) dugc dénh gia va so sanh v6i céac gidng
M tac thé dai (Fig.6). Dit lidu trén Fig.6 cho thiy ba giéng M tac biéu hién quéa mirc
‘gen van chuyén nitrat OsSNRT2.3b sinh truéng trén ngudn nitrat & ham lugng 6mM co
luong sinh khéi chdi cao hon dang ké (Fig.6A) va ¢6 chiéu dai d& ngin hon khi sinh
trudng trén ngudn nitrat & ham lugng 0,2mM (Fig.6B) so véi giéng‘Mﬁ tac thé dai. Hon

nita, hai trong ba giéng M tac nay tich tu nitrat & mo nhiéu hon.

Cac gidng M tac ndy duoc sinh trudng trong mdi trudng nudi chy rat don gian
trén dia thach Petri vi céc chit dinh dudng dugc bd sung vao thach (tham khao Orsel et
al. 2006 d biét thém chi tiét). Cac thir nghiém nay s& duoc 1ap lai bing cach trong cac
giéng Mu tac nay trén chéu dat ngip nudc dé xac dinh va so sanh hiéu sudt st dung nito
gifta gibng Mu tac thé dai va cic gidng Mu tac bidu hién qua mic OsNRT2.3. Ngudn
nitrat gidu °N s& dugc sir dung trong céc thir nghiém trén dia Petri va trong céc chau dit
ngdp nude dé xac dinh va so sanh murc do hép thu nitrat gita cc gibng Mi tac thé dai va
céc gibng M tac biéu hién qui mirc (tham khao Orsel et al. 2006). Cac gidng M tac s&
‘dugc sinh trudng va so sanh trén ngudn phan dam hdn hop, gém amoni nitrat hodc ngudn
phan dam chi chira nitrat. v

3. Biéu hién OsNRT2.3b & cdy thudc 14.

Nguyén liéu va phuong phép:

Thiét ké vecto biéu hién qua mirc va cdy thudc 14 chuyén gen.

Cac khung doc mad m¢ cia axit nucleic OsNRT2.3b dugc khuéch dai bing cac

“doan mdi ddc hiéu (Bang 1). C4c manh gen ndy duge xtt 1y v6i enzym cit han ché, chén
vao vecto va giai trinh ty truéc khi chuyén gen. Mo seo phdi cua gidng thudc 14
Nicotiana tabacum 89 dugc bién nap bing phuong phdp chuyén gen nh& Agrobacterium
(Ai et al. 2009. Mot cay thubc 14 thé hé T, da chuyén gen dugc thu nhan va sinh trudng
dé tao ra gidng thudc 14 thé hé T, (Fig.1). Céc cay thudc 14 thé hé T, ddng hop tr dugc sir
dung dé san xuét cac cay thubc 14 thé hé T,.

Phén tich thim tach Southern.

Cac gidng thudc 14 chuyén gen co gia trj kinh té thap OsNRT2.3a, tirc 14 c4c gidng
thudc 14 r1 va r2, duge x4c dinh bang phan tich thim tach Southern theo quy trinh duge

mo ta trong bai bao Jia et al., 2011.
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Phan tich PCT bén dinh lugng.

ARN tdng s6 dugc tach chiét tir 100mg nguyén lidu cay thudc 1a bang thubc Trizol
(Iﬁvitrogen, Cafisbad, CA, USA). Nong d6 ARN téng s6 dugc do bing may quang phd
UV (Eppendorf, Biophotometer, Germany). ARN tong s6 tir mdi mau (2pg) duge su
dung dé téng hop ADN bd sung soi don bing enzym phién mi ngugc M-MLV
(Fermentas, Foster City, CA, USA) theo huéng din cla nha sin xuét. Gen dich dugc
khuéch dai PCR bang Taq ADN polymeraza (Fermentas, Foster City, CA, USA) v6i cac

doan mdi dic hiéu duge mé ta dudi day.
4. Biéu hién OsNRT2.3b & cdy lia my.

Su biéu hién & mé libe cia NRT2.3b, va céc phét hién r-ga‘in day, vi du nhu trong
bai béo Fan et al. 2009 (thudong gia dinh ring nitrat dugc van chuyén tir r& dén chdi & mo
g0) vé luong dang ké nitrat duge van chuyéri trohg mo libe, cing véi vai trod Quan trong
cia can bing pH ndi mé & mb libe cho thdy sy biéu hién dic hiéu & mo libe cua
OsNRT2.3b rét quan trong @8 thu duoc céc tinh trang mong mudn (vi du hiéu sut st
dung nito dugc cai thién). Vily do nay, ca vung khoi dAu ubiquitin 13n ving khéi dau dic
hiéu mé libe dugc st dung dé didu khién biéu hién OsNRT2.3b & cdy lia my. Ving khéi
d4u ubiquitin dugc st dung dé chuyén gen nhu néu trong Fig.27 va Fig.28. CAu tric cla
vecto 35S-OsNRT2.3b duge méd ta & phin san xuét gidng laa chuyén gen va gidng lua
my dugc san xuit bang phuong phap bin hat gen vao mo seo dugce nudi ciy tir phoi chua
trudng thanh cia gidng lda my c6 kha ning chéng chiu Yangmail58 nhu dugc md ta
trong bai bdo Cao et al. Cay lua my chuyén gen c6 ning suit cao hon so véi cdy laa my
thé dai, tham khao Fig.27 va Fig.28.

5. Kha ning chéng chiu dich bénh cta gidéng lua chuyén gen.

Kha ning chéng chiu dich bénh cia giéng lua chuyén gen biéu hién OsNRT2.3b
dugc tao ra nhu néu trén dugc danh gia & trai thit nghiém Hai Nam. Céc dich bénh chu
yéu trén lGa & trai thir nghiém Hai Nam bao gdm bénh héo vang, bénh d6m 14 nho va
bénh i soc. Déi véi mbi 16 thir nghiém, ty 18 sdng s6t duge tinh bang ty 16 s6 cay lia &
thoi diém thu hoach/sd cdy lia duge cdy vao diu thang 1. Cac cdy laa chuyén gen c6 ty 1&

sbng s6t cao hon so véi cac cdy laa thé dai thuc vat (Fig.26).

Poan mdi dé phan tich PCR dinh lrgng gen OsNRT2.3b.
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Poan moi dic hi¢u cho gen.

OsNRT2.3b (AK072215)

Mbi xubi:5'- CGTTCGCCGTGTT -3'(SEQ ID NO.21).

Mdi nguoe:5'- TCGAAGCGGTCGTAG AAG -3' (SEQ ID NO.22).

Actin

Mdi xubi:5’-TTATGGTTGGGATGGGACA-3’(SEQ ID NO.23).

MBbi nguoc:5’-AGCACGGCTTGAATAGCG-3*(SEQ ID NO.24).

Doan moi dwoc sie dung dé biéu hién qud mikc cdc gen cdu tric.

Ving
khoi Vecto : Poan mdi Enzym
diu
M3i xudi: atCCATGGAGATCTCAGGGCACAGCGGATG | o /'
CaMV- | CAMBIA1302 (SEQID NO.25) i
358 Mbi nguge: atCCATGGAGATCT ACACCCCGGCCGG | o1y
(SEQ ID NO.26) &
MBi xubi: caACTAGTGCTACCACGTGTTGGAGATG | ¢y
. (SEQ ID N0.27)
Ubiquitin | pTCK303 Mbi nguge: GaACTAGTGAGCAAACCACCAACAAGC | ¢
(SEQ ID NO.28) p

Poan mbi duge sir dung dé tach dong cdp hai gen OsNRT2 va gen OsNAR2 vao

pT7Ts.
Vi tri tao Ving
Gen tézrfltgng Poan mdi ding dé tich dong cip hai P Il:;:;:t l;héo’:éiagu
thiing hop ARN
MOoi xubi:
AATCAGATCTTTGGAGCTCCACCGC
OsNRT2.3b | pLambda- (SEQID NO.29) Xba I T7
(AK072215) FLCI Moi nguoc:
CAGAACTAGTCCCCCCCTCGAAGG
(SEQ ID NO.30)

" Poan mdi dic hiéu cho thé dot bién diém H167R ctia OsSNRT2.3b.

Dot bién Poan moi dot bién gen Bien doi PQ ba ma Vi tri cat ,g.lm
hoa han méi
GCCATT CGA AAGATCGGTAGCACGC
(SEQ ID NO.31) Cspd5 1
H167R-F (trinh ty ban dau: GCCATC CAC CACH)-CGA R) TT g GAA)
AAGATC GGTAGCACGC) (
(SEQID NO.32)
H167R-R GCATTCTAGATTCGAATGGCCTCGTACACG (SEQ ID NO.33) (T é%i (I; A)
H167RB-F T7 Xbal (TCTAGA)

-64-




26897

Csp451

67RB-R (TTCGAA)

GCATTCTAGATT CGA ATGGCCTCGTACACG (SEQ ID NO.34)

a R A . . . .
San pham ma hoa cia ATT va ATC déu 1a axit amin isoleucin.

Poan mdi dé phan tich PCR dinh lugng gen OSNRT2.3.

Gen Poan moi
MBbi xubi: 5'- GCTCATCCGCGACACCCT -3' (SEQ ID NO.35)
OsNRT2.3a (AK072215) ——
Mbi nguoc:5'- GTCGAAGCGGTCG TAGAA -3' (SEQ ID NO.36)
MBbi xubi:5'- CGTTCGCCGTGTT -3'(SEQ ID NO.37)
OsNRT2.3b (AK072215) —+
Mdi nguoc:5'- TCGAAGCGGTCGTAG AAG -3' (SEQ ID NO.38)
. Mbi xubi:5’- TTATGGTTGGGATGGGACA-3’ (SEQ ID NO.39)
OsActin NM_197297) - —\a 7 100-5-AGCACGGCTTGAATAGCG-3°(SEQ ID NO.40)

Béang 1. Su khéc biét vé giai doan sinh trudng gifta céc gidng lua bidu hién qua
murc OsNRT2.3b va giéng laa thé dai trong cdc chau thi nghiém nhu duge thé hién trén

Fig.16.

Giéng i Ngay (ngay/thang/nam) i
Gieo ma Cay 50% lam dong | Tro bong | Lia chin
Gibng laa thé dai 10/05/2011 | 10/06/2011 16/08/2011 = | 21/08/2011 | 08/10/2011
b-S2 10/05/2011 | 10/06/2011 01/09/2011 06/09/2011 | 28/10/2011
b-S6 10/05/2011 | 10/06/2011 02/09/2011 08/09/2011 | 28/10/2011

Luu y: Thir nghiém trf”mg lta trong chiu dét dugc thuc hién véi 10 chau 13p lai
trong tfai thfr nghiém‘ thudc Dai hoc Nong nghi€p Nanjing (dit liéu duoc thé hién
Fig.SF9). Pét c6 tinh axit (@0 pH = 6,0, ty 1& dét: nuée = 1:1) duge thu gom tir trai thi
nghiém nay. Mot giéng lia thé dai, gibng lua b-S2 va giéng lia b-S6 thudc hai gidng
riéng biét duoc tréng trong mdi chau chira 15kg dit da dugc 1am kho frong khong khi c6
bd sung 2,25¢ N (n = 10). P4t trong chau dugc tuéi ngdp nude trong 1 ngdy trude khi chy
va nude duge duy tri & chidu sau nim trong khoang tir Scm dn 10cm cho dén 15 ngay
trude khi thu hoach. Giai doan lta chin dugc ghi nhan khi hau hét cac bong lua trong
chau d& mét hoan toan mau xanh. C4c miu giéng lba & ndm chau 1ap lai dugce thu hoach
khi giéng laa thé dai & giai doan lta chin, va céac mau giéng lta & ndm chau 13p lai con lai
dugc thu hoachrkhi giéng lta b-S2 va b-S6 & giai doan 1da chin. Céac cdy lua duoc nhd ra
va chia thanh phﬁn hat va phén sinh khéi rom ra. Toan bd cac mau giéng lua dugc lam
kho trong 16 & nhiét d¢ 70°C, cén va nghién thanh bét, sau d6 14y mau dé dinh luong nito.
Nong d6 nito trong md lia va hat lta duge dinh luong bang phuong phép macro-
Kjeldahl.
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Bang 2. Dic tinh ndng hoc cla cac giéng laa biéu hién qua mirc OsNRT2.3b va

gidng lta thé dai trong cic chau thir nghiém nhu dugc thé hién trén Fig.16.

Chidudai | Khoi | Solwong | Solwgng | Ko g a1
X A lrong | thancip | thancAp | S6 lwonghat | lwgng/1000 | Y €
Giong | bong lia PR A . A . chin
bong laa mot hai /Bong lia hat o
(cm) . . (o)
(2) gié con gié con (2

Thé dai | 21,4+ 0,4b | 3,2+0,2b | 10,0+0,5b | 20,4+ 1,6a | 1250+7,9b | 24,1+04a | 839+3,3a
b-S2 | 262+0,7a | 45+0,3a | 142+04a | 29,8+2,6a | 2253+9,4a | 24,6+0,4a | 87,0+2,5a
b-S6 | 26,1+04a|44+0,la| 139+0,4a | 279+3,0a | 2180+11,8a | 24,3 +0,4a | 87,0+2,6a

Luu y: Céc tri s6 = trj sb trung binh + d¢ léch chuin (n = 10), cac chir cai thé

hién mirc d0 khac biét gitra ciy laa thé dai va cay lua biéu hién qua mic & mirc y nghia

| thdng ké 5% béng phén tich mot bién ANOVA.

Bang 3. Anh huéng cua su biéu hién qua mic OsNRT2.3b dén su tich tu va

chuyén héa sinh khdi rom ra trong céc chau thir nghiém nhu duge thé hién trén Fig.16.

Gif;ng fp (g/cdy) | ep-(fp- fp) (g/ciy) | (ep-(fp-fon))/en(%) | (ep-(fo-fen))/fen(%)

Thé dai 47,7+ 1,0b 2,1+0,4b 59+1,3b 14,3 £2,8b
b-S2 61,0+ 0,7a 11,0+ 0,9a 21,9+ 1,7a 50,2 +3,9a
b-S6 61,7+0,6a 11,9+ 0,8a 23,4+ 1,6a 52,8+3,1a

Luuy: 1) Céc tri s6 = tri s6 trung binh + db léch chuin (n =10). C4c chit céi (a,b)
fhé hién mirc d6 khac biét & mic y nghia théng ké 5% so v6i cay laa thé dai; 2) Thu
nghiém trdng lGa trong chiu d4t dugc thuc hién nhu dugc mo ta trong Bang 1; ty 18
chuyén héa chit kho duoc tinh theo cong thirc ep-(fp- fp); hi€u sudt chuyén hoa chét kho
duogc tinh theo cong thirc (eD-(fD—fGD))/eDg ty 1€ phan bd chuyén héa chét kho dugc tinh
theo cong thirc (ep-(fp-fop))/fop-

Béang 4. Anh huéng cia su biéu hién qua mic OsNRT2.3b dén su tich tu va

chuyén hoa nito trong cac chiu thir nghiém nhu dugc thé hién trén Fig.18.

Giong | fy(mg/cdy) | ex-(fx-fon) (mg/cdy) | en-(fx-fon) /en(%) | en-(fn- fon) /fon(%)

Thé dai | 424,6+ 6,4b 109,4 +2,7b 29,5 + 0,9b 67,2 +2,9b
b-S2 557,7+29a 199,0 + 4,4a 37,7+ 0,6a 87,0+ 0,8a
b-S6 556,1+9,3a 209,7+3,2a 39,6 +0,4a 88,6+ 12a

Luu y:1) Céc tri s6 = tri s6 trung binh + do léch chuéﬁ (n =10). Céc chir cai (a,b)
th8 hién mirc do khéc biét & mirc ¥ nghia thdng ké 5% so vdi cdy lia thé dai; 2) Thir
nghiém trong lua trong chau dit dugc thuc hién nhu duge md ta trong Bang 1; 3). Ty 1€
chuyén héa nito dugc tinh theo cong thirc ex-( fy- fon); hiéu suit chuyén hoéa nito dugc
tinh theo cong thirc ex-( fx- fon) /en; ty 1€ phén bb chuyén hoa nito duge tinh theo cong
thire en-( fn- fon) /fon.
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Béang 5. Déc tinh nong hoc cia céac giéng lta biéu hién qua mic OsNRT2.3b va

gidng laa thé dai trong cac thir nghiém trén ddng rudng nhur dugc thé hién trén Fig.2a.

Khoéi lwong khé (g/ciy) Okg N 75kg N 150kg N 300kg N

Thé dai 212+0,6b | 21,9+1,1b | 302+1,0b | 282+4,0b
b-Ul 350+22a | 40,5+23a | 57,1+23a | 60.8+5,4a
b-U2 375+1,7a | 40,5+3,1a | 59,4+34a | 643+3,5a
b-S2 37,1+19a | 40,1+3,6a | 579+41a | 634+57a
b-S6 384+3,1a | 40,6+28a | 606+48a | 655+52a

So6 hrgng dé nhanh

Thé dai 93+09a | 93+08a | 11,0+15a | 11,3+1,1a
b-Ul 81+09a | 85+09a | 102+15a | 93+13a
b-U2 81=+1,1la | 86+1,0a 92+1,8a 9,2+ 12a
b-S2 8,2+ 1,2a 8,4+ 13a 9,3+19a 9,5+1,2a
b-S6 83+1,la | 86+1,1la | 94+17a | 92%1]la

S6 lrong hat/bong liia

Thé dai 116+44b | 119+7,1b | 117+64b | 120+6,4b
b-Ul 140 +80a | 159 £9,5a | 142 +8,0a | 154 +7,0a
b-U2 148+9,1a | 164+10,1a | 165+9,1a | 167+11,1a
b-S2 148+8,6a | 160+9,la | 165+9,6a | 163+ 12,6a
b-S6 152+89a | 174+114a | 170+89a | 180+139a

Khoi lwong/1000 hat

Thé dai 232+02a | 24,4+02a | 24.6+0.2a | 250+0,6a
b-Ul 232+02a | 242+04a | 242+03a | 250+03a
b-U2 230+03a | 243+02a | 24,1+04a | 252+0,6a
b-S2 229+03a | 242+03a | 24,1+0,5a | 25,0£0,8a
b-S6 230+03a | 243+0,4a | 24,1+0,4a | 25,0+0,8a

TY 18 chin (%)

Thé dai 64,9+2,4b | 68,1+22b | 789+2,8b | 833+22b
b-Ul 72,0£2,0a | 78,0+1,5a | 88,0+29a | 951+3,0a
b-U2 73,0+19a | 78,8+29a | 883+24a | 945+29a
b-S2 72,0+2,6a | 788+23a | 89,0+22a | 93,5+ 1,6a
b-S6 740+28a | 79,5+24a | 880+26a | 9293 1a

Khoi lwong hat (g/ciy)

Thé dai 162+0,4b | 18,6+0,9b | 24,7+0,8b | 282+ 1,0b
b-Ul 189+1,4a | 255+1,5a | 31,8+13a | 34,0£2,0a
b-U2 20,1+09a | 27,1+21a | 325+18a | 36,7+2,0a
b-S2 20,0+ 1,0a | 25,6+20a | 33,0+£23a | 36,1+23a
b-S6 215+1,7a | 28,8+20a | 339+27a | 382+24a

Luu y: 10 cay laa tir mdi 16 13p lai ctia mdi thit nghiém dugc 14y mAu dé phan tich
ba l4n dic tinh néng hoc néu trén. Céc tri s6 = tri s trung binh + d6 léch chuén (n = 30).
Céc chit cai (a,b) thé hién mirc d6 khéc biét & mirc y nghia théng ké 5% so véi ciy laa
thé dai.

Céc trinh tu theo sang ché

Trinh tu axit nucleic OsNRT2.3b (SEQ ID NO.1), mi truy cdp s6 AK072215,
khung doc ma md dai nhit.

tham khdo: http://cdna01.dna.affrc.go.jp/cDNA/report KOME_AKO072215 .html.
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ATGGAGGCTAAGCCGGT
GGCGATGGAGGTGGAGGGGGTCGAGGCGGCGGGGGGCAAGCCGCGGTTCAGGATGCCGGT
GGACTCCGACCTCAAGGCGACGGAGTTCTGGCTCTTCTCCTTCGCGAGGCCACACATGGC
CTCCTTCCACATGGCGTGGTTCTCCTTCTTCTGCTGCTTCGTGTCCACGTTCGCCGTGTT
CGCGCGTCTGGCCATGGGCACGGCGTGCGACCTGGTCGGGCCCAGGCTGGCCTCCGCGTC
TCTGATCCTCCTCACCACACCGGCGGTGTACTGCTCCTCCATCATCCAGTCCCCGTCGGG
GTACCTCCTCGTGCGCTTCTTCACGGGCATCTCGCTGGCGTCGTTCGTGTCGGCGCAGTT
CTGGATGAGCTCCATGTTCTCGGCCCCCARAGTGGGGCTGGCCAACGGCGTGGCCGGCGG
CTGGGGCAACCTCGGCGGCGGCGCCGTCCAGCTGCTCATGCCGCTCGTGTACGAGGCCAT
CCACAAGATCGGTAGCACGCCGTTCACGGCGTGGCGCATCGCCTTCTTCATCCCGGGCCT
GATGCAGACGTTCTCGGCCATCGCCGTGCTGGCGTTCGGGCAGGACATGCCCGGCGGCAA
CTACGGGAAGCTCCACAAGACTGGCGACATGCACAAGGACAGCTTCGGCAACGTGCTGCG
CCACGCCCTCACCAACTACCGCGGCTGGATCCTGGCGCTCACCTACGGCTACAGCTTCGG
CGTCGAGCTCACCATCGACAACGTCGTGCACCAGTACTTCTACGACCGCTTCGACGTCAA
CCTCCAGACCGCCGGGCTCATCGCCGCCAGCTTCGGGATGGCCAACATCATCTCCCGCCC
CGGCGGCGGGCTACTCTCCGACTGGCTCTCCAGCCGGTACGGCATGCGCGGCAGGCTGTG
GGGGCTGTGGACTGTGCAGACCATCGGCGGCGTCCTCTGCGTGGTGCTCGGAATCGTCGA
CTTCTCCTTCGCCGCGTCCGTCGCCGTGATGGTGCTCTTCTCCTTCTTCGTCCAGGCCGC
GTGCGGGCTCACCTTCGGCATCGTGCCGTTCGTGTCGCGGAGGTCGCTGGGGCTCATCTC
CGGGATGACCGGCGGCGGGGGCAACGTGGGCGCCGTGCTGACGCAGTACATCTTCTTCCA
" CGGCACRAAAGTACAAGACGGAGACCGGGATCAAGTACATGGGGCTCATGATCATCGCGTG
CACGCTGCCCGTCATGCTCATCTACTTCCCGCAGTGGGGCGGCATGCTCGTAGGCCCGAG
GAAGGGGGCCACGGCGGAGGAGTACTACAGCCGGGAGTGGTCGGATCACGAGCGCGAGAA
GGGTTTCAACGCGGCCAGCGTGCGGTTCGCGGAGAACAGCGTGCGCGAGGGCGGGAGGTC
GTCGGCGAATGGCGGACAGCCCAGGCACACCGTCCCCGTCGACGCGTCGCCGGCCGGGET
GTGA '

Trinh ty axit nucleic OsNRT2.3a (SEQ ID NO.2), ma truy
khung doc ma mé& dai nhat.

ATGGAGGCTAAGCCGGTG _
GCGATGGAGGTGGAGGGGGTCGAGGCGGCGGGGGGCAAGCCGCGGTTCAGGATGCCGGTG
GACTCCGACCTCAAGGCGACGGAGTTCTGGCTCTTCTCCTTCGCGAGGCCACACATGGCC
TCCTTCCACATGGCGTGGTTCTCCTTCTTCTGCTGCTTCGTGTCCACGTTCGCCGCGCCG
CCGCTGCTGCCGCTCATCCGCGACACCCTCGGGCTCACGGCCACGGACATCGGCAACGCC
GGGATCGCGTCCGTGTCGGGCGCCGTGTTCGCGCGTCTGGCCATGGGCACGGCGTGCGAC
CTGGTCGGGCCCAGGCTGGCCTCCGCGTCTCTGATCCTCCTCACCACACCGGCGGTGTAC
TGCTCCTCCATCATCCAGTCCCCGTCGGGGTACCTCCTCGTGCGCTTCTTCACGGGCATC
TCGCTGGCGTCGTTCGTGTCGGCGCAGTTCTGGATGAGCTCCATGTTCTCGGCCCCCAAA
GTGGGGCTGGCCAACGGCGTGGCCGGCGGCTGGGGCAACCTCGGCGGCGGCGCCGTCCAG
CTGCTCATGCCGCTCGTGTACGAGGCCATCCACAAGATCGGTAGCACGCCGTTCACGGCG
TGGCGCATCGCCTTCTTCATCCCGGGCCTGATGCAGACGTTCTCGGCCATCGCCGTGCTG
GCGTTCGGGCAGGACATGCCCGGCGGCAACTACGGGAAGCTCCACAAGACTGGCGACATG
CACAAGGACAGCTTCGGCAACGTGCTGCGCCACGCCCTCACCAACTACCGCGGCTGGATC
CTGGCGCTCACCTACGGCTACAGCTTCGGCGTCGAGCTCACCATCGACAACGTCGTGCAC
CAGTACTTCTACGACCGCTTCGACGTCAACCTCCAGACCGCCGGGCTCATCGCCGCCAGC
TTCGGGATGGCCAACATCATCTCCCGCCCCGGCGGCGGGCTACTCTCCGACTGGCTCTCC
AGCCGGTACGGCATGCGCGGCAGGCTGTGGGGGCTGTGGACTGTGCAGACCATCGGCGGC
GTCCTCTGCGTGGTGCTCGGAATCGTCGACTTCTCCTTCGCCGCGTCCGTCGCCGTGATG
GTGCTCTTCTCCTTCTTCGTCCAGGCCGCGTGCGGGCTCACCTTCGGCATCGTGCCGTTC
GTGTCGCGGAGGTCGCTGGGGCTCATCTCCGGGATGACCGGCGGCGGGGGCAACGTGGGC
GCCGTGCTGACGCAGTACATCTTCTTCCACGGCACAAAGTACAAGACGGAGACCGGGATC
AAGTACATGGGGCTCATGATCATCGCGTGCACGCTGCCCGTCATGCTCATCTACTTCCCG
CAGTGGGGCGGCATGCTCGTAGGCCCGAGGAAGGGGGCCACGGCGGAGGAGTACTACAGC
CGGGAGTGGTCGGATCACGAGCGCGAGAAGGGTTTCAACGCGGCCAGCGTGCGGTTCGCG
GAGAACAGCGTGCGCGAGGGCGGGAGGTCGTCGGCGAATGGCGGACAGCCCAGGCACACC
GTCCCCGTCGACGCGTCGCCGGCCGGGGTGTGA

cap s6 AK109776,

Trinh tu axit amin OsNRT2.3b (SEQ ID NO.3, khung doc mi m¢& dai nhét).

MEAKPVAMEVEGVEAAGGKPRFRMPVDSDLKATEFWLEFSFARPHMASFHMAWESFFCCEV
STFAVFARLAMGTACDLVGPRLASASLILLTTPAVYCSSIIQSPSGYLLVRFFTGISLAS
FVSAQFWMS SMFSAPKVGLANGVAGGWGNLGGGAVQLLMPLVYEATHKIGSTPFTAWRIA
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FFIPGLMQTFSATIAVLAFGQDMPGGNYGKLHKTGDMHKDSFGNVLRHALTNYRGWILALT
YGYSFGVELTIDNVVHQYFYDRFDVNLQTAGLIAASFGMANIISRPGGGLLSDWLSSRYG
MRGRLWGLThé& daiVQTIGGVLCVVLGIVDFSFAASVAVMVLFSFFVQAACGLTFGIVPEFVSRR
SLGLISGMTGGGGNVGAVLTQYIFFHGTKYKTETGIKYMGLMITACTLPVMLIYFPQWGG
MLVGPRKGATAEEYYSREWSDHEREKGFNAASVRFAENSVREGGRSSANGGQPRHTVPVD

ASPAGV

Trinh tu axit amin OsNRT2.3a (SEQ ID NO.4).

" MEAKPVAMEVEGVEAAGGKPRFRMPVDSDLKATEFWLFSFARPHMASFHMAWESFFCCEV
STFAAPPLLPLIRDTLGLTATDIGNAGIASVSGAVFARLAMGTACDLVGPRLASASLILL
TTPAVYCSSIIQSPSGYLLVRFFTGISLASFVSAQFWMSSMFSAPKVGLANGVAGGWGNL
GGGAVQLLMPLVYEAIHKIGSTPFTAWRIAFFIPGLMQTFSATAVLAFGQDMPGGNYGKL
HKTGDMHKDSFGNVLRHALTNYRGWILALTYGYSFGVELTIDNVVHQYFYDREDVNLQTA
GLIAASFGMANIISRPGGGLLSDWLSSRYGMRGRLWGLThé daiVQTIGGVLCVVLGIVDFSFA
ASVAVMVLFSFFVQAACGLTFGIVPFVSRRSLGLISGMTGGGGNVGAVLTQYIFFHGTKY
KTETGIKYMGLMIIACTLPVMLIYFPOWGGMLVGPRKGATAEEYYSREWSDHEREKGFNA
ASVRFAENSVREGGRSSANGGQPRHTVPVDASPAGV

Trinh tu ving khéi dau dic hiéu md libe (SEQ ID NO.5).

61
GATGTGGCATTTTGTTAGTG
TTTCTGAATATATGAATAGT
TGGTGATTCTGGGCGCAATT
AAGAGGGCAAGAATATCAAC
CAAAGCATTGCAATCTCGTG
CCAAAAAATGAGTGTTGCCA
CGCACGGAATGCCCGATGCA
“CACGGCTAATTAGGTGGTAA
CTGAAAGCATATTTGCATGA
TTCCACTCTGCGCTGTAATG
TTGCCAATTGGATGTTAGAG
TTGATGGTAGATGTTACTAG
CCATGATCTTTCTGCTTTTC
ATTAGGAGGGATGAGTCGTC
AARGGGTAGARATTTTCTTG
GGTCGGTCTGGTAATCAAAT
TTGCAGAGGCAAAACAAGAA
CAACCAGTCCTTTTTTCTTC
TACAGAGAAAAAGATTGAAG
AATAGGATACTCCCTTCGTC
ATTCAGATTTGTTATGCTTC
TGAATTTGGACATATATTTG
GTTGTTATATTATAGACGGA
CCTGTGCTAGTGACATGATT
AAAAATGGGGAATTTGGGGG
CAGCTGAAAGGCCCTACCAC
AGAGCACTGGGGTTTTGCAA
TCGTTTGCTCTTAATTAAAA
AGCATGCATCTAGAGGCCCA

* Trinh tu tu axit nucleic, m3 phan loai sb GRMZM2G455124 cia Ngo (Zea

mays, SEQ ID NO.6).

GTTTCTTTGA
GGCCATGGTT
CGGGGAAATT
AGACTTTTAA
TGACAAGAAC
ACTGCTGCAC
AAAAAAAARAA
TTTGGTGCAT
TTTCTTGTTT
CCATGTTAGT
ATTACTGTGT
CACCACCTTG
TGAAAGACCT
ATTTTGTCTG
CTGTTTTTCT
CACCAGATCC
AAGCATCTGC
TGTTTATTTG
CTTTTTTTCT
TAGGAAAAAA
CTACTCCTTC
TCCAAATTCA
GATAGTAGAT
AGTGACACCA
GAGCAATAAT
TAAACCAATA
CTATTTATTG
GGGCAATTCT
ATTCGCCCA

TGAAAAATTC
CAAGAAACTC
TTTTTTGGCG
TCTTAATARA
GTTTCTTTTT
CTTCTTAGGC
AGAAATGCTG
CTGCAAAGAA
CTGCTTGTCC
GATTAATATG
TGTTCAAAAG
GTGTTTCCCC
ATGTTTCAGA
TGGGCCCCAC
TGGAAACAAT
TGAAATCCAC
TTTATTTCTC
TAGAAGTCTA
CCAAAGCTGA
CCAACCCACT
TCAGGTATGG
TCGCATTATG
TCGGTTATTT
TCAGATTAAA
TTGGGGTTAT
TCTGTACTAT
GTCCTTCTGG
GCAGATATCC

TTGGCTATGA
CAGTTAGGTG
AGAATCTTAT
AAGCACTCTT
CTCCATCTTT
CGGTTTGTTC
TTAACAAATC
GCAACAGATG
TCTCTCTGAT
TTCAAAAGAG
AGCATAAAAG
ATGGTTTTICT
GGTCAAGCTT
TAGTCAGTGT
TTCATTGCGC
CAAATCAAAC
TCTTGCTTTC
CCACCTGCAG
CAATGGTGCC
ACAATTTTGA
TGAGATATTT
ARAATGTCTCG
TTGGACAGAG
AAAACATATG
CCATTGCTGT
TCTACCACCT
ATCTCGGAGA
ATCACACTGG

CRAAATGTGCA ATGCTGATTA GAGTTTGCAG ATGCTGTTTG GTTTAGTTTA

TAAAGTTTGC
GGATAATTTA
CATTGAGATA
AGCGTAAGAG
TTCTTTTTTA
TTGTTTGGAA
ACTGTCCTGA
CTTTCTTTCA
GCTGACTGTA
CATAAAAGAA
AATTACCAAT
GCAATTCTGC
CTGGAAGGTT
CAATAGTTGT
CTGATCTGAT
CGTGAGATTT
TTTTCATCCC
TCTATTATTC
GGCATATGCT
ATATATATTT
CATAGTATAA
TTCGATCTAT
AAAGTACTCG
TTTTGATTAA
TTCATCATGT
ATCAGAATTC
AACCCTCCAT
CGGCCGCTCG

ATGGCGGAGGGGGAGTTCRAGCCCGCGGCGATGCAGGTGGAGGCTCCTGCCGAGGCGGLG
"‘GCGGCGCCGTCCAAGCCGCGGTTCAGGATGCCCGTCGACTCCGACAACRAAGGCCACCGAG
TTCTGGCTCTTCTCCTTCGCGAGGCCGCACATGAGCGCCTTCCACATGTCGTGGTTCTCC
TTCTTCTGCTGCTTCCTCTCCACCTTCGCGGCGCCGCCGCTGCTCCCGCTCATCCGGGAC
ACGCTGGGGCTCACGGCCACGGACATCGGCAACGCCGGGATCGCCTCCGTGTCCGGCGLG
GTCTTCGCGCGCGTGGCCATGGGCACGGCGTGCGACCTGGTGGGCCCGCGCCTGGCGTCC
GCGGCCATCATACTCCTCACCACGCCCGCCGTCTACTACTCCGCCGTCATCGACTCCGCC
TCGTCCTACCTGCTCGTGCGCTTCTTCACGGGCTTCTCGCTCGCGTCCTTCGTGTCCACG
CAGTTCTGGATGAGCTCCATGTTCTCGCCGCCCAAGGTGGGGCTGGCCAACGGCGTCGCC
GGGGGGTGGGGCAACCTCGGCGGCGGCGCCGTGCAGCTCATCATGCCGCTCGTGTTCGAG
GCCATCCGCAAGGCCGGGGCCACGCCGTTCACGGCGTGGCGCGTCGCCTTCTTCGTCCCG
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GGCCTGCTGCAGACGCTGTCGGCCGTCGCCGTGCTGGCGTTCGGCCAGGACATGCCCGAL
GGCRAACTACCGCAAGCTGCACAGGTCCGGCGACATGCACAAGGACAGCTTCGGCAACGTG
CTCCGCCACGCCGTCACCAACTACCGCGCCTGGATCCTGGCGCTCACCTACGGATACTGC
TTCGGCGTGGAGCTCGCCGTGGACAACATCGTCGCGCAGTACTTCTACGACCGCTTCGGC
GTCAAGCTCAGCACCGCCGGCTTCATCGCCGCCAGCTTCGGGATGGCCAACATCGTCTCC
CGCCCCGGCGGCGGCCTCCTGTCGGACTGGCTCTCCAGCCGCTTCGGCATGCGCGGCAGG
CTGTGGGGCCTGTGGGTGGTGCAGACCATCGGGGGCGTCCTCTGCGTCGTGCTCGGCGCC
GTCGACTACTCCTTCGCCGCGTCCGTGGCCGTCATGATACTCTTCTCCATGTTCGTGCAG
GCGGCCTGCGGGCTCACCTTTGGCATCGTCCCGTTCGTCTCCCGAAGGTCGCTGGGGCTC
ATCTCCGGCATGACCGGCGGCGGCGGCAACGTGGGCGCCGTGCTCACGCAGCTCATCTTC
TTCCACGGATCCAAGTACAAGACGGAGACGGGGATCAAGTACATGGGGTTCATGATCATC
GCCTGCACGTTGCCCATCACGCTCATCTACTTCCCGCAGTGGGGCGGCATGTTCCTGGGG
CCGCGGCCCGGGGCGACGGCGGAGGACTACTACAACCGGGAGTGGACAGCGCACGAGTGC
GACRAGGGTTTCAACACCGCGAGCGTACGCTTTGCGGAGAACAGCGTGCGGGAAGGGGGA
CGCTCGGGCAGCCAGTCCRAGCACACTACTGTGCCCGTCGAGTCCTCGCCGGCCGACGTG
TGA '

* Trinh tu tw axit amin, ma phén loai s6 GRMZM2G455124 ctia Ngd (Zea mays,
SEQ ID NO.7).

MAEGEFKPAAMQVEAPAEARAAPSKPRFRMPVDSDNKATEFWLFSFARPHMSAFHMSWESFFCCFLSTFAAPPLLPL
IRDTLGLTATDIGNAGIASVSGAVFARVAMGTACDLVGPRLASAAIILLTTPAVYYSAVIDSASSYLLVRFFTGESL
ASFVSTQFWMSSMFSPPKVGLANGVAGGWGNLGGGAVQLIMPLVFEAIRKAGATPEFTAWRVAFFVPGLLOTLSAVAV
LAFGQDMPDGNYRKLHRSGDMHKDSFGNVLRHAVTNYRAWILALTYGYCFGVELAVDNIVAQYFYDRFGVKLSTAGE
IAASFGMANIVSRPGGGLLSDWLSSRFGMRGRLWGLWVVQTGGVLCVVLGAVDYSFAASVAVMILFSMEFVQAACGLT
FGIVPFVSRRSLGLISGMTGGGGNVGAVLTQLIFFHGSKYKTETGIKYMGFMIIACTLPITLIYFPQWGGMFLGPRP
GATAEDYYNREThé daiAHECDKGFNTASVRFAENSVREGGRSGSQSKHTTVPVESSPADV

Trinh ty tw axit nucleic, ma phén loai s6 Glymai3g39850 clia Dau twong (Glyxin
max, SEQ ID NO.38).

TCACACTTTCTTCCTTAATTTTCTAGCTCTTGCTACGTACTTGAATTCAATTAGTTATTA
ATGGCTGAGATTGAGGGTTCTCCCGGAAGCTCCATGCATGGAGTAACAGGAAGAGAACAA
ACATTTGTAGCCTCAGTTGCTTCTCCAATTGTCCCTACAGACACCACAGCCARATTTGCT
CTCCCAGTGGATTCAGAACACAAGGCCAAGGTTTTCAARACTCTTCTCCCTGGCCAATCCC
CACATGAGAACCTTCCACCTTTCTTGGATCTCCTTCTTCACCTGCTTCGTCTCGACATTC
GCAGCAGCACCTCTTGTGCCCATCATCCGCGACAACCTTAACCTCACCAARAAGCGACATT
GGAAACGCCGGGGTTGCTTCTGTCTCCGGAAGCATCTTCTCAAGGCTCGCAATGGGTGCA
. GTCTGTGACATGTTGGGTCCACGCTATGGCTGCGCCTTCCTCATCATGCTTTCGGCCCCT
ACGGTGTTCTGCATGTCCTTTGTGAAAGATGCTGCGGGGTACATAGCGGTTCGGTTCTTG
ATTGGGTTCTCGTTGGCGACGTTTGTGTCGTGCCAGTACTGGATGAGCACGATGTTCAAC
AGTAAGATTATAGGGCTTGCGAATGGGACTGCTGCGGGGTGGGGGAACATGGGTGGTGGA
GCCACTCAGCTCATAATGCCTTTGGTGTATGAGCTTATCAGAAGAGCTGGGGCTACTCCC
TTCACTGCTTGGAGGATTGCCTTCTTTGTTCCGGGTTTCATGCATGTCATCATGGGGATT
CTTGTCCTCACTCTAGGCCAGGACTTGCCTGATGGAARACCTCGGGGCCTTGCGGARAGAAG
GGTGATGTAGCTAARAGACAAGTTTTCCAAGGTGCTATGGTATGCCATAACAAATTACAGG
ACATGGATTTTTGCTCTCCTCTATGGGTACTCCATGGGAGTTGAATTAACAACTGACAAT
GTCATTGCTGAGTATTTCTATGACAGATTTAATCTCAAGCTACACACTGCTGGAATCATT
GCTGCTTCATTTGGAATGGCRAAACTTAGTTGCTCGACCTTTTGGTGGATATGCTTCAGAT
GTTGCAGCCAGGCTGTTTGGCATGAGGGGAAGACTCTGGACCCTTTGGATCCTCCAAACC
TTAGGAGGGGTTTTCTGTATTTGGCTTGGCCGTGCCAATTCTCTTCCTATTGCTGTATTG
GCCATGATCCTGTTCTCTATAGGAGCTCAAGCTGCATGTGGTGCAACTTTTGGCATCATT
CCTTTCATCTCAAGAAGGTCTTTGGGGATCATATCAGGTCTAACTGGTGCAGGTGGAAAC
TTTGGGTCTGGCCTCACCCAATTGGTCTTCTTTTCAACCTCCARATTCTCTACTGCCACA
GGTCTCTCCTTGATGGGTGTAATGATAGTGGCTTGCACTCTACCAGTGAGTGTTGTTCAC
TTCCCACAGTGGGGTAGCATGTTTCTACCACCCTCARAAGATGTCAGCARATCCACTGAA
GAATTCTATTACACCTCTGAATGGAATGAGGAAGAGAAGCAGAAGGGTTTGCACCAGCAA
AGTCTCARATTTGCTGAGAATAGCCGATCTGAGAGAGGAAAGCGAGTGGCTTCAGCACCA
ACACCTCCAAATGCAACTCCCACTCATGTCTAGCCATAGCACTTCAATCAAAGAAGATCA
TGAAACATAATTACTGAGCAGTATTGGGAATGAAGAACCATGAGTTGAAGAATTTTCTAA
TAAGAAATCTTGTAACATGTAGACATAGAATGTTCTGGTTCTGGTTTGCGTGTGGTGTAA
GAGTTGTCTACTTGTGGTAAGTCATAAGTATCATAATCAGTATGTCAATGCAGATCTTGA
TGCTGAGTATCAATAGTATCAAAAAAARRAA
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Trinh tu tu axit amin, ma phéan loai s Glymal3g39850 ctia Pau twong (Glyxin
max, SEQ ID NO.9). |

MAEIEGSPGSSMHGVTGREQTFVASVASPIVPTDTTAKFALPVDSEHKAKVEKLESLANPHMRTFHLSWISFEFTCEV
STFAAAPLVPIIRDNLNLTKSDIGNAGVASVSGSIFSRLAMGAVCDMLGPRYGCAFLIMLSAPTVFCMSFVKDAAGY
IAVRFLIGFSLATFVSCQYWMSTMFNSKIIGLANGTAAGWGNMGGGATQLIMPLVYELTRRAGATPFTAWRIAFEFVP
GFMHVIMGILVLTLGQDLPDGNLGALRKKGDVAKDKFSKVLWYAITNYRTWIFALLYGYSMGVELTTDNVIAEYEYD
RFNLKLHTAGIIAASFGMANLVARPFGGYASDVAARLFGMRGRLThé
dailWILQTLGGVFCIWLGRANSLPIAVLAMILFSIGAQAARCGATFGIIPFISRRSLGIISGLTGAGGNFGSGLTQL
VFFSTSKFSTATGLSLMGVMIVACTLPVSVVHFPQWGSMFLPPSKDVSKSTEEFYYTSEWNEEEKQKGLHQQSTLKFA
ENSRSERGKRVASAPTPPNATPTHV

Trinh tu tu axit nucleic, ma phéan loai s Glymal2g30050 ciia Pau trong (Glyxin

max, SEQ ID NO.10).

atggctgaga
cctcaattge
caaggccaag
tccttettca
acctcaccaa
aatgggtgceg
accgtgttct
atagggttct
tagggcttgce
tttggtgtat
ccgggtttca
‘cttgtcctaa
caaaagacaa
ctatgggtac
aatctgaagc
ttggtggata
cctccaaaca
gctatgatcc
caagaaggtc
attggtcttc
gcttgcactc
atgtcaacaa

gcatcagcaa

ttgagggttc
ttctccaatt
attttcaaac
cctgecttegt
aagcgacatt
gtctgtgacc
gcatgtcctt
ccttggcaac
gaatggaact
gagcttatca
tgcatgtcat
ctctaggcca
gttttccaag
tcaatgggag
tgcacactgc
tgcttctgat
ttaggagggg
tgttctcecttt
attggggatc
ttttcaacat
ttcctgtgag
atccactgaa

agtctcaagt

tcctggaagce
gtccccacag
tcttctcecat
ctcgaccttc
ggaaacgccg
tattaggtcc
tgtgaaagat
gttcgtgtca
gctgcggggt
gaagagctgg
catggggatc
ggacttgcct
gtgctatggt
ttgaattgac
tggaatcatt
gttgcagcca
ttttctgtat
aggagctcaa
atatcaggtc
ccaaattctc
tgttgttcat
gaattctatt

ttgctgagaa

acacctccga atgcaactce cactcatgte

tccatgcatg
acaccacagc
ggccaatccc
gcagcagccce
gggttgcttc

acgttatgge

gctgcggggt
tgccagtact

gggggaacat
ggctactccc

gatggaaacc
atgccataac
aactgacaat
gctgcttcat
gattgtttgg
ttggcttggce
gctgcatgtg
tcactggtgc
cactgccaca
tttccacagt
acacctctga

gagtaacagg
caaatttgct
cacatgagaa
ctcttgtccc
tgtctccgga
tgtgccttee
acataatggt
ggatgagcac
gggtggtgga
ttcactgctt

ttgcggectt
aaattacagg
gtcattgctg
ttggaatggc
catgagggga
cgagccaatt
gtgcaacttt

aggtgggaac
ggtctctcct

ggggtagcat
atggaatgag

aagagaacaa
ctcccagtag
ccttccacct
catcatccge
agcatcttct
tcatcatgcect
tcggttcttg
gatgttcaac
gccactcagc

ggaggatagc

gcagaagaag
acatggattt
agtatttcta
aaacttagtt
agactctgga
ctcttcctat
tggcatcatt
tttgggtctg
tgatgggtgt
gttcctacca
gaagagaggc

acattcgtag
actcagagca
ttcttggatc
gacaacctta
ctaggcttge
ctcggcccca

agtaagatta
tcataatgcc
cttctttgta

ggtgatgtag
ttgcecctect
tgacaggttt
gctcgaccct
ccctttggat
tgctattttg
cccttcatct
gcctcaccca
gatgatagtg
ccatcaaaag
agaaaggctt

tagccgatce gagagaggaa agegagtggc ttcagcacca

Trinh ty ty axit amin, ma phan loai s Glymal2g30050 ctia Pau twong (Glyxin
max, SEQ ID NO.11).

MAETIEGSPGS
SFFTCEVSTFE
TVECMSEVKD
ELIRRAGATP
LVLTLGQDLP
NLKLHTAGII
RANSLPIAIL
GLSLMGVMIV

SMHGVTGREQ
AAAPLVPIIR
AAGYIMVRFL
FTAWRIAFEV
DGNLAALQKK
AASFGMANLV
AMILFSLGAQ
ACTLPVSVVH

TEVASIASPI
DNLNLTKSDI
IGFSLATFVS
PGFMHVIMGI
GDVAKDKFESK
ARPFGGYASD
AACGATFEGIT
FPOWGSMFLP

VPTDTTAKFA
GNAGVASVSG
CQYWMSTMEN

VLWYAITNYR
VAARLFGMRG
PFISRRSLGI
PSKDVNKSTE

LPVDSEHKAK IFKLESMANP HMRTEFHLSWI
SIFSRLAMGA VCDLLGPRYG CAFLIMLSAP
SKIIGLANGT AAGWGNMGGG ATQLIMPLVY

TWIFALLYGY SMGVELTTDN VIAEYEFYDREF
RLTh& dailWILQT LGGVFCIWLG
ISGLTGAGGN FGSGLTQLVEF FSTSKFESTAT

EFYYTSEWNE EERQKGLHQQ SLKFAENSRS ERGKRVASAP TPPNATPTHV

Trinh tu ty axit nucleic, ma phan loai s6 MLOC 75087.1 ciia Lia mach (Hordeum
vulgare, SEQ ID NO.12).

CCACGCGTCCGCTCATTGCATACGAGGTTGCCAACACTACACAGGTGTAGCAGCAGCCAA
GGCAGCTGGTGAGATGGAGGGGGAGTCCAAGCCGGCGGCGATGGGGGTGCAGGCGGCGCC
CAAGGGCAAGTTCAGGATACCGGTGGACTCGGACAACAAGGCCACCGAGTTCTGGCTTTT
CTCGTTCGTGAGGCCGCACATGAGCGCCTTCCACCTCTCGTGGTTCTCCTTCTTCTGCTG
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CTTCGTCTCCACCTTCGCCGCGCCGCCCCTCCTGCCGCTCATCCGGGACAACCTCGGCCT
. CACGGGCAAGGACATCGGCAACGCCGGCATCGCGTCCGTGTCCGGCGCCGTGTTCGCGLG
TCTCGCCATGGGCACGGCCTGCGACCTGGTCGGGCCCCGCCTGGCGTCCGCGGCCATCAT
ACTGCTCACCACCCCCGCGGTGTACTGCTCCGCCATCATCGAGTCCGCCTCGTCGTTCCT
GCTCGTGCGCTTCTTCACGGGCTTCTCGCTCGCCTCCTTCGTGTCGACGCAGTTCTGGAT
GAGCTCCATGTTCTCTTCGCCCAAGGTGGGGCTGGCCAATGGCGTCGCCGGCGGCTGGGE
CAACCTGGGCGGGGGCGCCGTGCAGCTCCTCATGCCGCTCGTGTTCGAGGCCGTCCGCAA
. GATCGGCAGCACGGATTTCATCGCGTGGCGCGTCGCCTTCTTCATCCCGGGCGTCATGCA

GACGTTCTCGGCCATCGCCGTGCTGGCGTTCGGGCAGGACATGCCGGACGGCAACTACCG
TAAGCTGCACAAGAGCGGGGAGATGCACAAGGACAGCTTCGGCAACGTGCTGCGCCACGC
GGTCACGAACTACCGCGCCTGGATCCTGGCGCTCACCTACGGCTACTCCTTCGGCGTGGA
GCTCGCCGTGGACAACATCGTCGCGCAGTACTTCTACGACCGCTTCGACGTCAACCTCCA
CACGGCCGGGCTCATCGCCGCCAGCTTCGGGATGGCCAACATCATCTCCCGCCCGGGCGE
CGGGCTCATGTCCGACTGGCTCTCCGACCGGTTCGGCATGCGCGGCAGGCTGTGGGGGCT
GTGGGTCGTGCAGACCATCGGCGGCATCCTCTGCATCGTGCTCGGCATCGTCGACTACTC
GTTCGGCGCGTCGGTGGCCGTCATGATCCTCTTCTCCTTCTTCGTGCAGGCGGCGTGCGEG -
GCTCACGTTCGGCATCGTGCCGTTCGTGTCGCGGAGGTCGCTGGGGCTCATCTCCGGAAT
GACCGGCGGCGGCGGCAACGTGGGGGCCGTGCTGACGCAGGTCATCTTCTTCCGCGGCAL
CAAGTACAAGACGGAGACGGGGATCATGTACATGGGGCTGATGATCCTGGCATGCACGCT
GCCCATCACGCTCATCTACTTCCCGCAGTGGGGCGGCATGTTCGTCGGGCCGCGGARAGG
GGCGACGGCGGAGGAGTACTACAGCAAGGAGTGGACCGAGGAGGAGCGTGCCAAGGGGTA
‘CAGCGCCGCGACCGAGCGTTTCGCGGAGAACAGCGTGCGCGAGGGCGGGCGGAGGGCGGL
GTCGGGCAGCCAGTCARAGGCACACCGTCCCCGTCGACGGCTCGCCGGCCGACGTGTGAGG
TCCGARGAGCTCCCCGTACTACGTGGTCCACGGGTGCAATGGGGGAATACGATCGCGTCG
CACGGCCGCCCGGGTTTGGGCCGTCTTCCGTGCACATACGTAGTACTACGAACGCACGCA
CGCACGCCGGCTTTGTGCTGCTTCTAGTACTGTACGTACGTTTGGGTTTGGTGTGCTCGC
TTACCTTAATACTGCTCCGCATGTTGATGTTTATATGCTCCCTTGTGAAATACAGTTTTA
AAAAAAARAAAAARA B

Trinh ty tu axit amin, ma phan loai sb MLOC_75087.1 cua Lua mach (Hordeum
vulgare, SEQ ID NO.13). |

MEGESKPAAMGVQAAPKGKFRIPVDSDNKATEFWLFSFVRPHMSAFHLSWESFFCCFVSTFAAPPLLPLIRDNLGLT
GKDIGNAGIASVSGAVFARLAMGTACDLVGPRLASAAIILLTTPAVYCSAIIESASSFLLVRFFTGFSLASEVSTQF
WMSSMFSSPKVGLANGVAGGWGNLGGGAVQLLMPLVFEAVRKIGSTDFIAWRVAFFIPGVMQTFSAIAVLAFGQDMP
DGNYRKLHKSGEMHKDSFGNVLRHAVTNYRAWILALTYGYSFGVELAVDNIVAQYFYDRFDVNLHTAGLIAASFGMA
NIISRPGGGLMSDWLSDRFGMRGRLWGLWVVQTIGGILCIVLGIVDYSFGASVAVMILFSFEVQAACGLTFGIVPEV
SRRSLGLISGMTGGGGNVGAVLTQVIFFRGTKYKTETGIMYMGLMILACTLPITLIYFPOQWGGMEFVGPRKGATAEEY
YSKEWTEEERAKGYSAATERFAENSVREGGRRAASGSQSRHTVPVDGSPADV

Trinh tu tuy axit nucleic, md phén loai s6 Bradi2g47640 cua Co dira dai
(Brachypodium distachyon, SEQ ID NO.14).

ATGGGGGGGGAGTCGAAGCCGGCGGCGATGGATGTGGAGGCGCCGTCCAAGGCCAAGTTCA
GGATCCCCGTGGACTCCGACAACAAGGCGACGGAGTTCTGGCTCTTCTCCTTCGCGCGGCCG
CACATGAGCGCGTTCCACCTGTCGTGGTTCTCCTTCTTCTGCTGCTTCGTGTCCACCTTCGCG
GCGCCGCCGCTGCTGCCGCTCATCCGGGACAATCTGGGGCTCACGGCCAAGGACATCGGCA
ACGCCGGGATCGCGTCGGTGTCGGGCGCCGTGTTCGCGCGTCTCGCCATGGGCACGGCCTGC
GACCTGGTCGGCCCCCGCCTGGCGTCCGCGGCCATCATACTGCTCACCACCCCGGCGGTGTA
CTGCTCGGCCATCATCGACTCGGCGTCGTCGTTCCTGCTCGTGCGCTTCTTCACGGGCTTCTC
CCTGGCCTCCTTCGTGTCCACGCAGTTCTGGATGAGCTCCATGTTCTCCTCGCCCAAGGTGGG
TCTGGCCAACGGCGTGGCCGGGGGCTGGGGCAACCTCGGCGGCGGCGCCGTGCAGCTGATC
ATGCCGCTGGTGTTCGAGGTCGTGCGCAAGATCGGGAGCACGCGGTTCACGGCGTGGCGCG
TGGCCTTCTTCATCCCGGGCGTCATGCAGACGTTCTCGGCCATCGCCGTGCTGGCGTTCGGGC
AGGACATGCCGGACGGCAACTACCACAAGCTGCACAAGACCGGGGAGATGCACAGGGACA
GCTTCCGCAACGTGCTGCGCCACGCGGTCACCAACTACCGCGCCTGGATCCTGGCGCTCACC
TACGGCTACTGCTTCGGCGTGGAGCTCGCCGTGGACAACATCGTGGCGCAGTACTTCTACGA
CCGCTTCGGCGTCAACCTCCACACGGCGGGGCTCATCGCCGCCAGCTTCGGGATGGCCAACA
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TCGTCTCGCGCCCGGGCGGCGGGCTCATGTCCGACTGGCTCTCGGCCCGGTTCGGCATGCGC
GGCAGGCTGTGGGGCCTGTGGGTCGTGCAGACCATCGGCGGCGTCCTCTGCGTGGTGCTCGG
CGTGGTGGACTACTCCTTCGGCGCGTCCGTGGCAGTCATGATACTCTTCTCCCTGTTCGTGCA
GGCCGCGTGCGGGCTCACCTTCGGCATCGTGCCGTTCGTGTCGCGGAGGTCGCTGGGGCTCA
TCTCTGGCATGACCGGCGGCGGGGGAAATGTGGGCGCCGTGCTGACGCAGGTCATCTTCTTC
CACGGGTCCAGGTACAAGACGGAGACGGGGATCATGTACATGGGGGTCATGATCATCGCGT
GCACGCTGCCCATCACGCTCATCTACTTCCCGCAGTGGGGCGGCATGTTCACCGGGCCGCGG
CCGGGGGCCACGGCGGAGGAGTATTACAGCTCGGAGTGGACCGAGGAGGAGCGGAAGAAA
GGGTACAACGCCGCGACAGAGCGTTTCGCGGAGAACAGCCTGCGCGAGGGAGGGCGGAGG
GCCGCGTCGGGCAGCCAGTCCAAGCATACCGTCCCCGTGGACGGATCACCGCCGGCCGACG
TGTGAAGAAAATCCCATAGACCATAGTGTACGTTTCGTATGTCTCGCGTCTATAACGAGTCA
TACGGTCGCCACGGTCGCCGGTCTGGTTACGTGCGTTGGCTTTTTTATGTGTTGTACCTTTTG
GCTTTTGGTGCTCCTTTGTCTTGTTGCTGTAAAAGGTTGTCAAATACTCCACTTTTCTTITCCG
CAGACGTGAAATACTTCTGTAGGTGTACGTCACTGAAAGGAAACTGTTCATATGGCATCCAC
ATACAAAACCATGTTTTCTTATATTGCTAGTATATTCGTTTTTCTTATTTCGACGAAACTAGC
ATTCCGCGTCTATTATTATTCGTAAGATACTTCCGATCGAAAA

Trinh ty tu axit nucleic, m3d phan loai sb Bradi2g47640 ctia Co dira dai
(Brachypodium distachyon, SEQ ID NO.15).

MGGESKPAAMDVEAPSKAKFRIPVDSDNKATEFWLFSFARPHMSAFHLSWFSFFCCFVSTFAAPPLLPLIRDNLGLT
AKDIGNAGIASVSGAVFARLAMGTACDLVGPRLASAATIILLTTPAVYCSAIIDSASSFLLVRFFTGESLASEVSTQF
WMSSMFSSPKVGLANGVAGGWGNLGGGAVQLIMPLVFEVVRKIGSTRFTAWRVAFFIPGVMQTFSATAVLAFGQDMP
DGNYHKLHKTGEMHRDSFRNVLRHAVTNYRAWILALTYGYCFGVELAVDNIVAQYFYDRFGVNLHTAGLIAASFGMA
NIVSRPGGGLMSDWLSARFGMRGRLWGLWVVQTIGGVLCVVLGVVDYSFGASVAVMILFSLEVQAACGLTFGIVPEV
SRRSLGLISGMTGGGGNVGAVLTQVIFFHGSRYKTETGIMYMGVMIIACTLPITLIYFPQWGGMETGPRPGATAEEY
YSSEThé daiEEERKKGYNAATERFAENSLREGGRRAASGSQSKHTVPVDGSPPADV

Trinh ty axit nucleic OsNRT2.3b (SEQ ID NO.67), ma truy cép s6 AK072215

trinh tu bazo nito dugc gach chan thé hién khung doc ma mé dai nhét.

GAGCGCCGGCCTCCCACCGGTCGCGTAAGATCACGCCCGAAATCTTTATTCATTTTCTCT
CCACCGGTTGCCCTCTCGCCGCACCCARCCATCGCGCCACGCCGCGCCGCGCTGCCGGAG
CCGCGCTTTCCGCTATGCTATAAGAGCTGACGCGCAGGGCACAGCGGATGTACGTACACA
CAGTCACTAGCTAAGCTGCTAGCCTTGCTACCACGTGTTGGAGATGGAGGCTAAGCCGGT
GGCGATGGAGGTGGAGGGGGTCGAGGCGGCGGGGGGCAAGCCGCGGTTCAGGATGCCGGET
GGACTCCGACCTCAAGGCGACGGAGTTCTGGCTCTTCTCCTTCGCGAGGCCACACATGGC
CTCCTTCCACATGGCGTGGTTCTCCTTCTTCTGCTGCTTCGTGTCCACGTTCGCCGTGTT
CGCGCGTCTGGCCATGGGCACGGCGTGCGACCTGGTCGGGCCCAGGCTGGCCTCCGCGTC
TCTGATCCTCCTCACCACACCGGCGGTGTACTGCTCCTCCATCATCCAGTCCCCGTCGGE
GTACCTCCTCGTGCGCTTCTTCACGGGCATCTCGCTGGCGTCGTTCGTGTCGGCGCAGTT
CTGGATGAGCTCCATGTTCTCGGCCCCCARAGTGGGGCTGGCCAACGGCGTGGCCGGCGG
CTGGGGCAACCTCGGCGGCGGCGCCGTCCAGCTGCTCATGCCGCTCGTGTACGAGGCCAT
CCACAAGATCGGTAGCACGCCGTTCACGGCGTGGCGCATCGCCTTCTTCATCCCGGGCCT
GATGCAGACGTTCTCGGCCATCGCCGTGCTGGCGTTCGGGCAGGACATGCCCGGCGGCAA
CTACGGGAAGCTCCACAAGACTGGCGACATGCACAAGGACAGCTTCGGCAACGTGCTGCG
CCACGCCCTCACCAACTACCGCGGCTGGATCCTGGCGCTCACCTACGGCTACAGCTTCGG
CGTCGAGCTCACCATCGACAACGTCGTGCACCAGTACTTCTACGACCGCTTCGACGTCAA
CCTCCAGACCGCCGGGCTCATCGCCGCCAGCTTCGGGATGGCCAACATCATCTCCCGCCC
CGGCGGCGGGCTACTCTCCGACTGGCTCTCCAGCCGGTACGGCATGCGCGGCAGGCTGTG
GGGGCTGTGGACTGTGCAGACCATCGGCGGCGTCCTCTGCGTGGTGCTCGGAATCGTCGA
CTTCTCCTTCGCCGCGTCCGTCGCCGTGATGGTGCTCTTCTCCTTICTTCGTCCAGGCCGC
GTGCGGGCTCACCTTCGGCATCGTGCCGTTCGTGTCGCGGAGGTCGCTGGGGCTCATCTC
CGGGATGACCGGCGGCGGGGGCAACGTGGGCGCCGTGCTGACGCAGTACATCTTCTTCCA
CGGCACAAAGTACAAGACGGAGACCGGGATCAAGTACATGGGGCTCATGATCATCGCGTG
CACGCTGCCCGTCATGCTCATCTACTTCCCGCAGTGGGGCGGCATGCTCGTAGGCCCGAG
GAAGGGGGCCACGGCGGAGGAGTACTACAGCCGGGAGTGGTCGGATCACGAGCGCGAGAA
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GGGTTTCAACGCGGCCAGCGTGCGGTTCGCGGAGAACAGCGTGCGCGAGGGCGGGAGGTC
GTCGGCGAATGGCGGACAGCCCAGGCACACCGTCCCCGTCGACGCGTCGCCGGCCGGGGT
GTGAAGAATGCCACGGACAATAAGGTCGCGGTTGTAGTACAACTGTACARATTGATGGTA
CGTGTCGTTTGACCGCGCGCGCGCACAGTGTGGGTCGTGGCCTCGTGGGCTTAGTGGAGT
ACAGTGAGGGGTGTACGTGTGTCGTGGCGCGCGCGGTCACCTCGGTGGCCTTGGGATTGG
GGGGGCACTATACGCTAGTACTCCAGATATATACGGGTTTGATTTACTTCTGTGGATCGG
CGCTTGTTGGTGGTTTGCTCCCTGTGGTTTTTGTGATGGTAATCATACTCATACTCAAAC
AGTCAAAACTTTTTGATGCG

Trinh tu axit nucleic OsNRT2.3a (SEQ ID NO.68), ma fruy cap s6 AK109776
trinh ty bazo nito dugc gach chan thé hién khung doc ma mé dai nhit.

AGTCACTAGCTAAGCTGCTAGCCTTGCTACCACGTGTTGGAGATGGAGGCTAAGCCGGTG
GCGATGGAGGTGGAGGGGGTCGAGGCGGCGGGGGGCAAGCCGCGGTTCAGGATGCCGGTG
GACTCCGACCTCAAGGCGACGGAGTTCTGGCTCTTCTCCTTCGCGAGGCCACACATGGCC
TCCTTCCACATGGCGTGGTTCTCCTTCTTCTGCTGCTTCGTGTCCACGTTCGCCGCGCCG
CCGCTGCTGCCGCTCATCCGCGACACCCTCGGGCTCACGGCCACGGACATCGGCAACGCC
GGGATCGCGTCCGTGTCGGGCGCCGTGTTCGCGCGTCTGGCCATGGGCACGGCGTGCGAC
CTGGTCGGGCCCAGGCTGGCCTCCGCGTCTCTGATCCTCCTCACCACACCGGCGGTGTAC
TGCTCCTCCATCATCCAGTCCCCGTCGGGGTACCTCCTCGTGCGCTTCTTCACGGGCATC
TCGCTGGCGTCGTTCGTGTCGGCGCAGTTCTGGATGAGCTCCATGTTCTCGGCCCCCAAA
GTGGGGCTGGCCAACGGCGTGGCCGGCGGCTGGGGCAACCTCGGCGGCGGCGCCGTCCAG
CTGCTCATGCCGCTCGTGTACGAGGCCATCCACAAGATCGGTAGCACGCCGTTCACGGCG
TGGCGCATCGCCTTCTTCATCCCGGGCCTGATGCAGACGTTCTCGGCCATCGCCGTGCTG
GCGTTCGGGCAGGACATGCCCGGCGGCAACTACGGGAAGCTCCACAAGACTGGCGACATG
CACAAGGACAGCTTCGGCAACGTGCTGCGCCACGCCCTCACCAACTACCGCGGCTGGATC
CTGGCGCTCACCTACGGCTACAGCTTCGGCGTCGAGCTCACCATCGACAACGTCGTGCAC
CAGTACTTCTACGACCGCTTCGACGTCAACCTCCAGACCGCCGGGCTCATCGCCGCCAGC
TTCGGGATGGCCAACATCATCTCCCGCCCCGGCGGCGGGCTACTCTCCGACTGGCTCTCC
AGCCGGTACGGCATGCGCGGCAGGCTGTGGGGGCTGTGGACTGTGCAGACCATCGGCGGC
GTCCTCTGCGTGGTGCTCGGAATCGTCGACTTCTCCTTCGCCGCGTCCGTCGCCGTGATG
GTGCTCTTCTCCTTCTTCGTCCAGGCCGCGTGCGGGCTCACCTTCGGCATCGTGCCGTTC
GTGTCGCGGAGGTCGCTGGGGCTCATCTCCGGGATGACCGGCGGCGGGGGCAACGTGGGC
GCCGTGCTGACGCAGTACATCTTCTTCCACGGCACAAAGTACAAGACGGAGACCGGGATC
AAGTACATGGGGCTCATGATCATCGCGTGCACGCTGCCCGTCATGCTCATCTACTTCCCG
CAGTGGGGCGGCATGCTCGTAGGCCCGAGGAAGGGGGCCACGGCGGAGGAGTACTACAGC
CGGGAGTGGTCGGATCACGAGCGCGAGAAGGGTTTCAACGCGGCCAGCGTGCGGTTCGCG
GAGAACAGCGTGCGCGAGGGCGGGAGGTCGTCGGCGAATGGCGGACAGCCCAGGCACACC
GTCCCCGTCGACGCGTCGCCGGCCGGGGTGTGAAGAATGCCACGGACAATAAGGTCGCGG
TTGTAGTACAACTGTACARATTGATGGTACGTGTCGTTTGACCGCGCGCGCGCACAGTGT
GGGTCGTGGCCTCGTGGGCTTAGTGGAGTACAGTGAGGGGTGTACGTGTGTCGTGGCGCG
CGCGGTCACCTCGGTGGCCTTGGGATTGGGGGGGCACTATACGCTAGTACTCCAGATATA
TACGGGTTTGATTTACTTCTGTGGATCGGCGCTTGTTGGTGGTTTGCTCCCTGTGGTTTT
TGTGATGGTAATCATACTCATACTCAAACAGTC
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YEU CAU BAO HQ
1. Phuong phap cai thién kha ndng sinh truéng, nang sut, hiéu suét sir dung nito, kha
nang vén chuyén nito, kha ning chéng chiu véi didu kién bét lgi v& nito, kha néng chéng
chiu dich bénh, kha nang séng sot va/hodc kha ning hép thu nito ctia thuc vat bao gbm
buoc blen nap va bleu hién axit nucleic cdu tric chua trinh ty axit nucleic ma hoa
polypeptlt c6 trinh tu nhu néu trong SEQ ID NO.3, bién thé chirc ning hoic thé twong
dong ctia né duge lién két diéu khién véi trmh tu didu hoa vao thuc vat, trong d6 khi trinh
tu axit nucleic ndy ma hoa polypeptit c6 trinh ty nhu néu trong SEQ ID NO.3, thi thuc
vat nay khong phai 1a cdy lda, va trong 46 bién thé chuc ning hoic thé tu’dng dong cia

axit nucleic cau truc nay:

a) co cdu tric cam bién dd pH bao twong cé trinh ty nhu néu trong SEQ ID
NO.16; ‘

b) c6 dd twong dong trinh tu it nhat bang 85% so v6i trinh ty nhu néu trong SEQ
ID NO.1 hogc SEQ ID NO.3; hoc

¢) duogc chon tir trinh ty axit nucleic ma héa polypeptit cé trinh ty nhu néu trong
SEQ D NO.7, SEQ ID NO.9, SEQ ID NO.11, SEQ ID NO.13 va SEQ ID NO.15 hoidc
trinh tu axit amin c6 d twong ddng trinh tu it nhat bang 90% so véi trinh ty nhu néu
trong SEQ ID NO.7, SEQ ID NO.9, SEQ ID NO.11, SEQ ID NO.13 hodc SEQ ID
NO.15.

2. Phuong phép san xuét thue vat chuyén gen c6 kha ning sinh truéng, ning suét, kha
nidng véan chuyén nito, kha ning hép thu nito, kha nang chéng chiu véi diéu kién bét loi

veé nito va/hodc hiéu suét sir dung nito duge cdi thién bao gdm budec:

a) budc bién nap va biéu hién axit nucleic cAu tric chtra trinh ty axit nucleic ma
héa polypeptit cé trinh tuy nhu néu trong SEQ ID NO.3, bién thé chic ning hogc thé
tuong déng ctia n6 dugce lién két diéu khién véi trinh tu diéu hoa vao thuc vét hoic té bao
thuc vat, trong d6 khi trinh ty axit nucleic ndy ma héa polypeptit ¢6 trinh tu nhu néu
trong SEQ ID NO.3, thi thuc vat nay khong phai la cdy lua, va bién thé chitc ning hoic

- thé trong dong cua axit nucleic cau tric nay:

a) c6 cdu tric cam bién d6 pH bao twong c6 trinh ty nhu néu trong SEQ ID
NO.16;
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b) ¢6 dd trong ddng trinh tu it nhit bing 85% so véi trinh tw nhu néu trong SEQ
ID NO.1 hogc SEQ ID NO.3; hoic |

¢) dugc chon tir trinh ty axit nﬁcleic ma héa polypeptit c6 trinh tr nhu néu trong
SEQ ID NO.7, SEQ ID NO.9, SEQ ID NO.11, SEQ ID NO.13 va SEQ ID NO.15 hogc
trinh ty axit amin c6 d6 twong ddng trinh tur it nhit bing 90% so véi trinh ty nhu néu
trong SEQ ID NO.7, SEQ ID NO.9, SEQ ID NO.11, SEQ ID NO.13 hodc SEQ ID
NO.15.

3. Phuong phép diéu hoa can bing pH ndi md hodc 1am gidm mirc do axit hoa trong thuc
vit bao gdm budce bién nap va biéu hién axit nucleic ciu tric chta trinh tir axit nucleic
ma hoéa polypeptit cod trinh tu nhu néu trong SEQ ID NO.3, bién thé chirc ning hodc thé
tuong déng ctia né dugc lién két didu khién véi trinh tu diéu hoa vao thuc vit, va bién thé

~ chirc ndng hodc thé twong dong cla axit nucleic cau triac nay:

a) ¢6 ciu triic cam bién dd pH bao twong c6 trinh tu nhu néu trong SEQ ID
NO.16; |

b) ¢6 d6 twong ddng trinh tyr it nhat bing 85% so v&i trinh ty nhu néu trong SEQ
ID NO.1 hodc SEQ ID NO.3; hodc

¢) dugc chon tir trinh tyr axit nucleic ma hoéa polypeptit ¢ trinh ty nhu néu trong
SEQ ID NO.7, SEQ ID NO.9, SEQ ID NO.11, SEQ ID NO.13 va SEQ ID NO.15 hoéc
trinh ty axit émin c6 do trong ddng trinh tu it nhat bang 90% so véi trinh ti nhu néu
trong SEQ ID NO.7, SEQ ID NO.9, SEQ ID NO.11, SEQ ID NO.13 hodc SEQ ID NO.15

4. Phuong phép bién d6i kha ning vén chuyén nitrat va cin bang pH ndi mé cta thyc vat,
bao gém bude bién nap va biéu hién axit nucleic cAu trac chira trinh tu axit nucleic ma
héa polypeptit ¢6 trinh tu nhu néu trong SEQ ID NO.3, bién thé chirc niang hoic thé
tuong ddéng ctia né dugc lién két didu khién véi trinh tu diéu hoa vao thuc vat, trong d6

axit nucleic nay chtra dot bién & cdu triac cam bién d6 pH VYEAIHKI (SEQ ID NO.16).

5. Phuong phép cai thién kha nang sinh trudng, ndng sudt, hiéu suét sir dung nito, kha
ning van chuyén nito, kha ning chéng chiu dich bénh, kha ning sdng sot, kha ning
chéng chiu vé6i diéu kién bét 1gi vé nito va/hoic h?ip thu nito cua thuc vat bao gf“)m budc
bién nap va bidu hién axit nucleic cdu truc chtra trinh tir axit nucleic ma héa polypeptit c6

trinh tu nhu néu trong SEQ ID NO.3, bién thé chirc ning hodc thé tuong déng ciia nd
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duogc lién két diéu khién v6i trinh tur diéu hoa vao thuc vat, trong d6 trinh tu diéu hoa nay

la Vﬁng khéi dau céu trac hodc vung khéi dAu dic hiéu mo libe, va thuc vat nay khong

biéu hién qué murc axit nucleic ¢0 trinh ty nhu néu trong SEQ ID NO.2.

6. Phuong phap san xuét thuc vat chuyén gen c6 khi ning sinh truéng, ning suét, kha
ning van chuyén nito, kha ning hép thu nito, kha ning chéng chiu véi diéu kién bat lgi
vé nito va/hoic hiéu suit sir dung nito dugc cai thién bao g(“)m budce bién nap va biéu hién

axit nucleic cAu tric chira trinh ty axit nucleic ma héa polypeptit ¢6 trinh tyr nhu néu
trong SEQ ID NO.3, bién thé chirc niing hoic thé twong df‘)ng ctia n6 duge lién két diéu
khién v&i trinh ty diéu hoa vao thuc vat hoic té bao thuc vat, trong do trinh tu diéu hoa

~ nay la ving khéi dau ce";lu tric hodc vung khéi déu déc hiéu mo libe, va thuc vat nay

khéng biéu hién qua murc axit nucleic ¢6 trinh ty nhur néu trong SEQ ID NO.2.

7. Phuong phap theo diém bét ky trong s6 cac didm tir 1 dén 6, trong d6 trinh tu didu hoa
“nay 1a ving khéi dau dic hidu mé libe.

8. Phuong phap theo diém 7, trong viing khéi dau dic hiéu md libe niy chira axit nucleic

c6 trinh tu nhu néu trong SEQ ID NO.5.

9. Phwong phap theo diém bit ky trong sb céc diém tir 1 dén 6, trong d6 thuc vat nay 1a
cly luong thuc dugc chon tir ngo, lta, lia my, cai dau, laa mién, dau tuong, khoai tay, ca
chua, nho, lia mach, dau Ha Lan, ddu dd, dau rang ngua, rau diép, bong, mia dudng, cu

cai duong, bong cai xanh hodc céc loai rau cai khac hodc cdy duong.

10. Thuc vat chuyén gen biéu hién axit nucleic ciu tric chira trinh ty axit nucleic ¢6 trinh
tu nhu néu trong SEQ ID NO.1, bién thé chirc ning hoic thé twrong ddng ctia né duoc lién
két didu khién véi trinh ty didu hoa, trong d6 khi axit nucleic ndy c6 trinh tu nhu néu
trong SEQ ID NO.1, thi thyc vat nady khong phai 1a cay laa, va bién thé chtrc ning hoic

thé twrong dong cda axit nucleic cau truc nay:

a) c6 clu tric cam bién d6 pH bao twong c6 trinh ty nhu néu trong SEQ ID
NO.16;

b) c6 d6 trong ddng trinh tir it nhét bang 85% so vdi trinh ty nhu néu trong SEQ
ID NO.1; hodc

¢) dugc chon tir trinh tu nhu néu trong SEQ ID NO.6, SEQ ID NO.8, SEQ ID
NO.10, SEQ ID NO.12 va SEQ ID NO.14 hojc trinh ty axit nucleic ¢6 do twong dong
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trinh tyr it nhat bing 90% so véi trinh ty nhu néu trong SEQ ID NO.6, SEQ ID NO.8,
SEQ ID NO.10, SEQ ID NO.12 hoac SEQ ID NO.14.

11. Thuc vét chuyén gen biéu hién axit nucleic cAu trac chira trinh tu axit nucleic ¢6 trinh
tu nhu néu trong SEQ ID NO.1, bién thé chirc ning hodc thé trong ddng ciia né dugc lién
két didu khién véi trinh tu diéu hoa vao thuc vat, trong d6 trinh tu diéu hoa nay 13 ving
khéi ddu cAu trac hodc ving khoi dau dic hidu mo libe, va thuc vat nay khong biéu hién
qué muc axit nucleic c6 trinh ty nhu néu trong SEQ ID NO.2.

12. Thuc vt theo diém 10 hodc 11, trong d6 trinh tir didu hoa nay 1a viing khéi dau déc
hiéu mé libe. |

13. Thuc vat theo diém 12, trong ving khoi dau dic hiéu mo libe nay chira axit nucleic
¢6 trinh tg nhu néu trong SEQ ID NO.5.

14. Thuc vat theo diém 10 hodc 11, trong d6 thuc vat nay 14 cdy luong thuc dugc chon tir

ngo, lua, lua my, cai dau, lua mién, dau tuong, khoai tiy, ca chua, nho, lia mach, ddu Ha

Lan, dau d6, ddu rang ngua, rau diép, bong, mia du'(‘mg, cu cai duong, bong cai xanh hodc

céc loai rau cai khac hodc cay duong.
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<110>
<110>
<120>
CHUYEN
<130>
<160>
<170>
<210> ' 1

<211> 1461
<212> ADN
<213> Oryz
<220>
<223>
<400> 1

atggaggcta
cggttcagga
gcgaggccac
tccacgttcg
aggctggect
atccagtccc
ttcgtgtcgg
aacggcgtgg
ctcgtgtacg
ttcttcatcc
gacatgcccg
ttcggcaacg
tacggctaca
gaccgcttcg
aacatcatct
atgcgcggca
gtgctcggaa
ttcttcgtee
tcgetgggge
cagtacatct
ctcatgatca
atgctcgtag
gatcacgagc
cgcgagggcyg
gcgtcgeegg
<210> 2

<211>
<212>
<213>
<220>
<223>
<400> 2

atggaggcta
cggttcagga
gcgaggccac
tccacgtteg
acggacatcg
atgggcacgg
accacaccgg
cgcttcttca
atgttctcgg
ggcggcggcg
agcacgccgt
tcggccatcg
cacaagactg
aactaccgcg
atcgacaacg
gggctcatcg
ctcteccgact
gtgcagacca
gcgtcegteg
ttcggcatcg
ggcgggggea
aagacggaga
atgctcatct
gcggaggagt

PC92
68

1551
ADN
Oryz

6735WOA

a sativa

agccggtgge
tgccggtgga
acatggcctc
ccgtgttege
ccgegtcetcet
cgtcggggta
cgcagttctg
ccggeggetg
aggccatcca
cgggcctgat
gcggcaacta
tgctgcgeca
gctteggegt
acgtcaacct
ccecgeccegg
ggctgtgggyg
tcgtcgactt
aggccgegtg
tcatcteegg
tcttccacgg
tcgegtgeac
gcccgaggaa
gcgagaaggg
ggaggtcgte
ccggggtgtg

a sativa

agccggtgge
tgccggtgga
acatggcctce
ccgcgecgece
gcaacgccgg
cgtgcgacct
cggtgtactg
cgggcatctc
cccccaaagt
ccgteccaget
tcacggcgtg
ccgtgetgge
gcgacatgca
gctggatcct
tcgtgcacca
ccgccagcett
ggctctccag
tcggecggegt
ccgtgatggt
tgccgttegt
acgtgggcgce
ccgggatcaa
acttcccgca
actacagccg

PLANT BIOSCIENCE LIMITED
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OSNRT2.3b, Mi truy cap. sb

gatggaggtg
ctcecgacctc
cttccacatg
gcgtctggcee
gatcctcectce
cctecetegtg
gatgagctcc
gggcaacctc
caagatcggt
gcagacgttc
cgggaagctce
cgccctecace
cgagctcacc
ccagaccgcc
cggcgggcta
gctgtggact
ctccttegece
cgggctcacc
gatgaccggce
cacaaagtac
gctgccegtce
gggggccacg
tttcaacgcg
ggcgaatggce
a

OsNRT2.3a, Ma truy cap sb

gatggaggtg
ctcecgacctce
cttccacatg
gctgectgeeg
gatcgcgtce
ggtcgggccce
ctcctccatc
gctggegteg
ggggctggcc
gctcatgceg
gcgcatcgece
gttcgggcag
caaggacagc
ggcgctcacc
gtacttctac
cgggatggcc
ccggtacgge
cctectgegtg
gctcttctece
gtcgcggagg
cgtgctgacg
gtacatgggg
gtggggcggc
ggagtggtcg
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AK072215

gagggggtcg
aaggcgacgg
gcgtggttcet
atgggcacgg
accacaccgg
cgcttcttca
atgttctcgg
ggcggcggceyg
agcacgccgt
tcggeccatecg
cacaagactg
aactaccgcg
atcgacaacg
gggctcatcg
ctctecgact
gtgcagacca
gcgtecegteg
ttcggcatcg
ggcgggggca
aagacggaga
atgctcatct
gcggaggagt
gccagcgtge
ggacagccca

AK109776

gagggggtcg
aaggcgacgg
gcgtggttet
ctcatccgeg
gtgtcgggcg
aggctggect
atccagtccc
ttcgtgtcgg
aacggcgtgg
ctcgtgtacg
ttcttcatce
gacatgcccg
ttcggcaacg
tacggctaca
gaccgcttcg
aacatcatct
atgcgcggceca
gtgctcggaa
ttcttegtec
tegetgggge
cagtacatct
ctcatgatca
atgctcgtag
gatcacgagc

aggcggceggg
agttctggcet
ccttettetg
cgtgcgacct
cggtgtactg
cgggcatctc
cccccaaagt
ccgtccagcet
tcacggcegtg
ccgtgetgge
gcgacatgca
gctggatcct
tcgtgcacca
ccgceccagett
ggctctccag
tecggeggegt
ccgtgatggt
tgcecgttegt
acgtgggcgce
ccgggatcaa
acttcccgeca
actacagccg
ggttcgcgga
ggcacaccgt

aggcggceggg
agttctggcet
ccttcttctg
acaccctcgg
ccgtgttcge
ccgegtetet
cgtcggggta
cgcagttctg
ccggeggcetg
aggccatcca
cgggcctgat
gcggcaacta
tgctgcgcecca
gctteggegt
acgtcaacct
cccgeeccgg
ggctgtgggg
tcgtcgactt
aggccgcgtg
tcatctcegg
tcttccacgg
tcgcgtgcecac
gcccgaggaa
gcgag
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gggcaageeg
cttctccttce
ctgcttcegtg
ggtcgggecc
ctcctccatc
gctggcgtcg
ggggctggcc
gctcatgecg
gcgcatcgece

gttcgggcag

caaggacagc
ggcgctcacc
gtacttctac
cgggatggcc
ccggtacggce
cctctgegtg

gctcttctee

gtcgcggagg
cgtgctgacg
gtacatgggg
gtggggcggc
ggagtggtcg
gaacagcgtg
cccecgtcgac

gggcaagccg
cttctccttce
ctgcttcgtg
gctcacggcc
gcgtctggec
gatcctcctce
cctcctegtg
gatgagctcc
gggcaacctc
caagatcggt
gcagacgttc
cgggaagctc
cgccctecacce
cgagctcacc
ccagaccgcc
cggcgggcta
gctgtggact
ctccttegee
cgggctcacc
gatgaccggc
cacaaagtac
gctgceccegte
gggggccacg
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aaggg tttcaacgcg - 1440 .
gccagcegtge ggttcgcgga gaacagcgtg cgcgagggcg ggaggtcgtc ggcgaatggce 1500
ggacagccca ggcacaccgt ccccgtcgac gcgtcgeccgg ccggggtgtg a 1551
<210> 3 .
<211> 486
<212> - PRT
<213> Oryza sativa
<220> . :
<223> Trinh ty axit amin OsNRT2.3b
<400> 3
Met Glu Ala Lys Pro Val Ala Met Glu Val Glu Gly Val Glu Ala Ala
1 5 10 15 -
Gly Gly Lys Pro Arg Phe Arg Met Pro Val Asp Ser Asp Leu Lys Ala
20 25 : 30
Thr Glu Phe Trp Leu Phe Ser Phe Ala Arg Pro His Met Ala Ser Phe
35 40 45
His Met Ala Trp Phe Ser Phe Phe Cys Cys Phe Val Ser Thr Phe Ala
50 g 55 60
Val Phe Ala Arg Leu Ala Met Gly Thr Ala Cys Asp Leu Val Gly Pro
65 70 - 175 80
Arg Leu Ala Ser Ala Ser Leu Ile Leu Leu Thr Thr Pro Ala Val Tyr
85 : 90 95
Cys Ser Ser Ile Ile Gln Ser Pro Ser Gly Tyr Leu Leu Val Arg Phe
100 105 . 110
Phe Thr Gly Ile Ser Leu Ala Ser Phe Val Ser Ala Gln Phe Trp Met
115 120 125
Ser Ser Met Phe Ser Ala Pro Lys Val Gly Leu Ala Asn Gly Val Ala
- 130 : 135 ) 140 -
Gly Gly Trp Gly Asn Leu Gly Gly Gly Ala Val Gln Leu Leu Met Pro
145 150 155 160
Leu Val Tyr Glu Ala Ile His Lys Ile Gly Ser Thr Pro Phe Thr Ala
165 170 175 .
Trp Arg Ile Ala Phe Phe Ile Pro Gly Leu Met Gln Thr Phe Ser Ala
: 180 185 190
Ile Ala Val Leu Ala Phe Gly Gln Asp Met Pro Gly Gly Asn Tyr Gly
195 RN 200 205
Lys Leu His Lys Thr Gly Asp Met His Lys Asp Ser Phe Gly Asn Val
210 215 220
Leu Arg His Ala Leu Thr Asn Tyr Arg Gly Trp Ile Leu Ala Leu Thr
225 230 235 240
Tyr Gly Tyr Ser Phe Gly Val Glu Leu Thr Ile Asp Asn Val Val His
245 250 255
Gln Tyr Phe Tyr Asp Arg Phe Asp Val Asn Leu Gln Thr Ala Gly Leu
260 265 270
Ile Ala Ala Ser Phe Gly Met Ala Asn Ile Ile Ser Arg Pro Gly Gly
275 . 280 285
Gly Leu Leu Ser Asp Trp Leu Ser Ser Arg Tyr Gly Met Arg Gly Arg
290 295 300
Leu Trp Gly Leu Trp Thr Val Gln Thr Ile Gly Gly Val Leu Cys Val
305 310 315 ' 320
Val Leu Gly Ile Val Asp Phe Ser Phe Ala Ala Ser Val Ala Val Met
325 330 335
Val Leu Phe Ser Phe Phe Val Gln Ala Ala Cys Gly Leu Thr Phe Gly
340 345 350
Ile Val Pro Phe Val Ser Arg Arg Ser Leu Gly Leu Ile Ser Gly Met
355 360 365 ’
Thr Gly Gly Gly Gly Asn Val Gly Ala Val Leu Thr Gln Tyr Ile Phe
370 ° 375 : 380 .
Phe His Gly Thr Lys Tyr Lys Thr Glu Thr Gly Ile Lys Tyr Met Gly
385 390 395 400
Leu Met Ile Ile Ala Cys Thr Leu Pro Val Met Leu Ile Tyr Phe Pro
405 410 415
Gln Trp Gly Gly Met Leu Val Gly Pro Arg Lys Gly Ala Thr Ala Glu
420 425 430
Glu Tyr Tyr Ser Arg Glu Trp Ser Asp His Glu Arg Glu Lys Gly Phe
435 440 445 :
Asn Ala Ala Ser Val Arg Phe Ala Glu Asn Ser Val Arg Glu Gly Gly
450 ) 455 460
Arg Ser Ser Ala Asn Gly Gly Gln Pro Arg His Thr Val Pro Val Asp
465 470 475 480
Ala Ser Pro Ala Gly Val
485
<210> 4
<211> 516
<212> " PRT
<213> Oryza sativa
<220>
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<223> Trinh tuy axit amin OsNRTZ2.3a

<400> 4 : :
Met Glu Ala Lys Pro Val Ala Met Glu Val Glu Gly Val Glu Ala Ala
1 5 10 15

Gly Gly Lys Pro Arg Phe Arg Met Pro Val Asp Ser Asp Leu Lys Ala

20 25 30
Thr Glu Phe Trp Leu Phe Ser Phe Ala Arg Pro His Met Ala Ser Phe
- 35 40 45

His Met Ala Trp Phe Ser Phe Phe Cys Cys Phe Val Ser Thr Phe Ala
50 55 60
Ala Pro Pro Leu Leu Pro Leu Ile Arg Asp Thr Leu Gly Leu Thr Ala
65 ] 75 80 -
Thr Asp Ile Gly Asn Ala Gly Ile Ala Ser Val Ser Gly Ala Val Phe
s 85 . 90 95
Ala Arg Leu Ala Met Gly Thr Ala Cys Asp Leu Val Gly Pro Arg Leu
100 : 105 110 .
Ala Ser Ala Ser Leu Ile Leu Leu Thr Thr Pro Ala Val Tyr Cys Ser
115 120 L . 125
Ser Ile Ile Gln Ser Pro Ser Gly Tyr Leu Leu Val Arg Phe Phe Thr
130 . 135 ' 140 .
Gly Ile Ser Leu Ala Ser Phe Val Ser Ala Gln Phe Trp Met Ser Ser
145 .- 150 . 155 160
‘Met Phe Ser Ala Pro Lys Val Gly Leu Ala Asn Gly Val Ala Gly Gly
165 170 : 175
Trp Gly Asn Leu Gly Gly Gly Ala Val Gln Leu Leu Met Pro Leu Val
180 o 185 190
Tyr Glu Ala Ile His Lys Ile Gly Ser Thr Pro Phe Thr Ala Trp Arg
1385 200 205
Ile Ala Phe Phe Ile Pro Gly Leu Met Gln Thr Phe Ser Ala Ile Ala
210 215 220
Val Leu Ala Phe Gly Gln Asp Met Pro Gly Gly Asn Tyr Gly Lys Leu
225 230 235 240
His Lys Thr Gly Asp Met His Lys Asp Ser Phe Gly Asn Val Leu Arg
245 250 : ! 255
His Ala Leu Thr Asn Tyr Arg Gly Trp Ile Leu Ala Leu Thr Tyr Gly
260 265 270 :
Tyr Ser Phe Gly Val Glu Leu Thr Ile Asp Asn Val Val His Gln Tyr
275 280 285
Phe Tyr Asp Arg Phe Asp Val Asn Leu Gln Thr Ala Gly Leu Ile Ala
290 ) 295 300
Ala Ser Phe Gly Met Ala Asn Ile Ile Ser Arg Pro Gly Gly Gly Leu
305 ’ 310 315 320
Leu Ser Asp Trp Leu Ser Ser Arg Tyr Gly Met Arg Gly Arg Leu Trp
325 330 335
Gly Leu Trp Thr Val Gln Thr Ile Gly Gly Val Leu Cys Val Val Leu
340 345 350
Gly Ile Val Asp Phe Ser Phe Ala Ala Ser Val Ala Val Met Val Leu
355 360 365
Phe Ser Phe Phe Val Gln Ala Ala Cys Gly Leu Thr Phe Gly Ile Val
370 375 380
Pro Phe Val Ser Arg Arg Ser Leu Gly Leu Ile Ser Gly Met Thr Gly
385 390 395 400
Gly Gly Gly Asn Val Gly Ala Val Leu Thr Gln Tyr Ile Phe Phe His
405 410 415
Gly Thr Lys Tyr Lys Thr Glu Thr Gly Ile Lys Tyr Met Gly Leu Met
420 425 430
Ile Ile Ala Cys Thr Leu Pro Val Met Leu Ile Tyr Phe Pro Gln Trp
435 440 445
Gly Gly Met Leu Val Gly Pro Arg Lys Gly Ala Thr Ala Glu Glu Tyr
450 455 460
Tyr Ser Arg Glu Trp Ser Asp His Glu Arg Glu Lys Gly Phe Asn Ala
465 470 475 480
Ala Ser Val Arg Phe Ala Glu Asn Ser Val Arg Glu Gly Gly Arg Ser
485 490 495
Ser Ala Asn Gly Gly Gln Pro Arg His Thr Val Pro Val Asp Ala Ser
500 505 510
Pro Ala Gly Val
515
<210> 5
<211> 1759
<212> ADN
<213> Oryza sativa
<220>
<223> Trinh tu ving khdi ddu dic hiéu mdé libe tl nucleotit sé 61 dén 1819
<400> 5

-88-



caaatgtgca
tttgttagtg
tatgaatagt
gggcgcaatt
gaatatcaac
caatctcgtg
agtgttgcca
gcccgatgceca
taggtggtaa
atttgcatga
cgctgtaatg
gatgttagag
atgttactag
tctgctttte
atgagtcgtc
aattttcttg
gtaatcaaat
aaaacaagaa
ttttttcttce
aagattgaag
tcccecttegte
gttatgcttc
catatatttg
- tatagacgga
. tgacatgatt
aatttggggg
gccctaccac
ggttttgcaa
ttaattaaaa
tagaggccca
<210> 6
<211>
<212>
<213>
$<220>
<223>
<400> 6
atggcggagg
gcggcgecegt
ttctggetet
ttcttctgct
acgctggggce
gtcttcgege
gcggccatca
tcgtectace
cagttctgga
999999tggg
gccatccgca
ggcctgetge
ggcaactacc
ctccgececacg
ttcggegtgg
gtcaagctca
cgcccecggeg
ctgtggggcc
gtcgactact
gcggectgeg
atctccggcea
ttccacggat
gcctgecacgt
ccgecggeccg
gacaagggtt
cgctcgggcea
tga
<210> 7
<211> 520
<212> PRT
<213>
<220>
<223>
<400> 7

ADN

Met Ala Glu Gly

1

Ala Glu Ala Ala

Asp Ser Asp Asn

1563

Trinh tu

atgctgatta
gtttctttga
ggccatggtt
cggggaaatt
agacttttaa
tgacaagaac
actgctgcac
aaaaaaaaaa
tttggtgcat
tttettgttt
ccatgttagt
attactgtgt
caccaccttg
tgaaagacct
attttgtctg
ctgtttttct
caccagatcc
aagcatctgce
tgtttatttg
ctttttttct
taggaaaaaa
ctactccttc
tccaaattca
gatagtagat
agtgacacca
gagcaataat
taaaccaata
ctatttattg
gggcaattct
attcgccecca

Zea mays

gggagttcaa
ccaagccgcg
tctccttcege
gcttcctcte
tcacggccac
gcgtggecat
tactcctcac
tgctcgtgcg
tgagctccat
gcaacctcgg
aggccggggce
agacgctgtc
gcaagctgca
ccgtcaccaa
agctcgecegt
gcaccgccgg
gcggcectect
tgtgggtggt
ccttecgeege
ggctcacctt
tgaccggcgg
ccaagtacaa
tgcccatcac
gggcgacggce
tcaacaccgce
gccagtccaa

Zea mays

5

20

gagtttgcag
tgaaaaattc
caagaaactc
ttttttggcg
tcttaataaa
gtttcttttt
cttcttaggc
agaaatgctg
ctgcaaagaa
ctgcttgtce
gattaatatg
tgttcaaaag
gtgtttccce
atgtttcaga
tgggccccac
tggaaacaat
tgaaatccac
tttatttctc
tagaagtcta
ccaaagctga
ccaacccact
tcaggtatgg
tcgcattatg
tcggttattt
tcagattaaa
ttggggttat
tctgtactat
gtccttctgg
gcagatatcc

Trinh ty axit nucleic cua

gcecegeggeg
gttcaggatg
gaggccgcac
caccttcgeg
ggacatcggc
gggcacggcg
cacgcccgcece
cttcttcacg
gttctcgeceg
cggcggcegec
cacgccgttc
ggcecgtegee
caggtccggce
ctaccgcgec
ggacaacatc
cttcatcgcce
gtcggactgg
gcagaccatc
gtccgtggece
tggcatcgtc
cggcggcaac
gacggagacg
gctcatctac
ggaggactac
gagcgtacgc
gcacactact

axit amin cta Ngb -

Glu Phe Lys Pro Ala
Ala Ala Pro Ser Lys

Lys Ala Thr Glu Phe

26897

atgctgtttg

ttggctatga
cagttaggtg
agaatcttat
aagcactctt
ctccatcttt
cggtttgttc
ttaacaaatc
gcaacagatg
tctctctgat
ttcaaaagag
agcataaaag

atggttttct

ggtcaagctt
tagtcagtgt
ttcattgcge
caaatcaaac
tcttgettte
ccacctgcag
caatggtgcc
acaattttga
tgagatattt
aaatgtctcg
ttggacagag
aaaacatatg
ccattgctgt
tctaccacct
atctcggaga
atcacactgg

Ngbé - gen lién quan dén OsNRT2.3b

atgcaggtgg
ccecgtegact
atgagcgect
gcgcecgecgce
aacgccggga
tgcgacctgg
gtctactact
ggcttctcge
cccaaggtgg
gtgcagctca
acggcgtgge
gtgctggegt
gacatgcaca
tggatcctgg
gtcgcgecagt
gccagcetteg
ctctccagcec
gggggcgtcce
gtcatgatac
ccgttcgtcet
gtgggcgecg
gggatcaagt
ttceccgeagt
tacaaccggg
tttgcggaga
gtgcccegteg

10

25

gtttagttta
taaagtttgc
ggataattta
cattgagata
agcgtaagag
ttctttttta
ttgtttggaa
actgtcctga
ctttctttca
gctgactgta
cataaaagaa
aattaccaat
gcaattctge
ctggaaggtt
caatagttgt
ctgatctgat
cgtgagattt
ttttcatccc
tctattattc
ggcatatgct
atatatattt
catagtataa
ttcgatctat
aaagtactcg
ttttgattaa
ttcatcatgt
-atcagaattc
aaccctccat
cggccgeteg

aggctcctge
ccgacaacaa
tccacatgtc
tgctcceget
tcgecteegt
tgggcccgeg
ccgccgtcat
tcgegtectt
ggctggccaa
tcatgccgcet
gcgtcgectt
tcggccagga
aggacagctt
cgctcaccta
acttctacga
ggatggccaa
gcttecggecat
tctgecgtcgt
tcttctecat
cccgaaggtce
tgctcacgca
acatggggtt
ggggcggcat
agtggacagc
acagcgtgcg
agtcctcgece

30

-89-

gatgtggcat
tttctgaata

tggtgattct

aagagggcaa
caaagcattg

ccaaaaaatg-

cgcacggaat
cacggctaat
ctgaaagcat
ttccactctg
ttgccaattg
ttgatggtag
ccatgatctt

attaggaggg -

aaagggtaga
ggtcggtctg
ttgcagaggc
caaccagtcc
tacagagaaa
aataggatac
attcagattt
tgaatttgga
gttgttatat
cctgtgctag
aaaaatgggg
cagctgaaag
agagcactgg
tegtttgetce
agcatgcatc

cgaggcggcg
ggccaccgag
gtggttctec
catccgggac
gtccggegeg
cctggcgtece
cgactccgec
cgtgtccacg
cggcgtecgec
cgtgttcgag
cttcgtcceg
catgcccgac
cggcaacgtg
cggatactgc
ccgcttegge
catcgtctcc
gcgcggcagg
gctcggegece
gttcgtgcag
gctggggcte
gctcatcttc
catgatcatc
gttcctgggg
gcacgagtgc
ggaaggggga
ggccgacgtg

gen lién quan d&&n OsNRT2.3b

Ala Met Gln Val Glu Ala Pro

15

Pro Arg Phe Arg Met Pro Val

Trp Leu Phe Ser Phe Ala Arg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1759

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1563



Pro
Phe
65
Thr
val
Leu
Pro
Leu
145
Gln
Asn
Leu
Pro
Thr
225
Gly
Phe
Leu
Asn
Thr
305
Arg
Met
Val
Val
Leu
385
Ile
Gln
Lys
Ile
Ala
465
Asp
Arg

vVal

His
50

Leu
Leu
Ser
Val
Ala
130
Val
Phe
Gly
Ile
Phe
210
Leu
Asn
Gly
Ala
Ile
290
Ala
Pro
Arg
Leu
Ala
370
Thr
Ser
Leu
Tyr
Tyr
450
Thr
Lys
Glu

Glu

<210> 8
<211> 1

<212>
<213>

<220>

<223>

<400> 8
tcacactttc ttccttaatt
atggctgaga ttgagggttc
acatttgtag cctcagttgc
ctcccagtgg attcagaaca
cacatgagaa ccttccacct
gcagcagcac ctcttgtgcc
ggaaacgccg gggttgecttc
gtctgtgaca tgttgggtcc
acggtgttct gcatgtectt

35
Met

Ser
Gly
Gly
Gly
115
val
Arg
Trp
Val
Met
195
Thr
Ser
Tyr
Asn
Leu
275
Val
Gly
Gly
Gly
Cys
355
Val
Phe
Gly
Ile
Met
435
Phe
Ala
Gly
Gly

Ser
515

890

ADN
Glycine max

Ser
Thr
Leu
Ala
100
Pro
Tyr
Phe
Met
Ala
180
Pro
Ala
Ala
Arg

val

260

Thr

Ala

340
val

Met
Gly
Met
Phe
420
Gly
Pro
Glu
Phe
Gly

500
Ser

Ala
Phe
Thr
Val
Arg
Tyr
Phe
Ser
165
Gly
Leu
Trp
Val
Lys
245
Leu
Tyr

Gln

325
Leu

val
Ile
Ile
Thr
405
Phe
Phe
Gln
Asp
Asn
485

Arg

Pro

Phe

Ala
70
Ala

Phe

Leu
Ser
Thr
150
Ser
Gly
Vval
Arg
Ala
230
Leu
Arg
Gly

Tyr

H
o

ey
ow

Leu
Trp
Leu

Leu

Val

390
Gly

His
Met
Trp
Tyr
470
Thr

Ser

Ala

His
55

Ala
Thr
Ala
Ala
Ala
135
Gly
Met
Trp
Phe
Vval
215
val
His
His
Tyr
Phe
295
Ala
Leu
Gly
Gly
Phe
375
Pro
Gly
Gly
Ile
Gly
455
Tyr
Ala
Gly

Asp

40
Met

Pro
Asp
Arg
Ser
120
val
Phe
Phe
Gly
Glu
200
Ala
Leu

Arg

Ala

Leu
Ala
360
Ser
Phe
Gly
Ser
Ile
440
Gly
Asn

Ser

Ser

Val~

520

Ser
Pro
Ile
Val
105
Ala
Ile
Ser
Ser
Asn
185
Ala
Phe
Ala
Ser
val

265
Phe

Asp
Trp
345
vVal
Met
val
Gly
Lys

425
Ala

Met

Arg
Val

Gln
505

Trp
Leu
Gly
Ala
Ala
Asp
Leu
Pro
170
Leu
Ile
Phé
Phe
Gly
250
Thr

Gly

Arg

> Gly

Trp
330
val
Asp
Phe

Ser

Asn

410
Tyr

Cys
Phe
Glu
Arg

490
Ser

Asn
Met
Ile
Ser
Ala
155
Pro
Gly
Arg
Val
Gly
235
Asp
Asn
val
Phe
Met
315
Leu
Val
Tyr
Val
Arg
395
val
Lys
Thr
Leu
Trp
475

Phe

Lys

Trinh ty axit nucleic cua

ttctagctct
tcccggaage
ttctccaatt
caaggccaag
ttcttggatc
catcatccge
tgtctcecgga
acgctatggce
tgtgaaagat

Ala
Gly
Ile
Ala
140
Ser
Lys
Gly
Lys
Pro
220
Gln
Met
Tyr
Glu
Gly
300
Ala
Ser
Gln
Ser
Gln
380
Arg
Gly
Thr
Leu
Gly
460
Thr

Ala

His

45
Phe

Leu
Gly
Thr
Leu
125
Ser
Phe
val
Gly
Ala
205
Gly
Asp
His
Arg
Leu
285
val
Asn
Ser
Thr
Phe
365
Ala
Ser
Ala
Glu
Pro
445
Pro
Ala

Glu

Thr

Phe
Ile
Ile
Ala
110
Leu
Ser
val
Gly
Ala
190
Gly
Leu
Met
Lys

Ala

270

Ala
Lys
Ile
Arg
Ile
350
Ala
Ala
Leu
Val
Thr
430
Ile
Arg
His
Asn

Thr
510

Cys
Arg
Ala
95

Cys
Thr
Tyr
Ser
Leu
175
Val
Ala
Leu
Pro
Asp
255
Trp
val
Leu
Val
Phe
335
Gly
Ala
Cys
Gly
Leu
415
Gly
Thr
Pro
Glu
Ser

495
val

Cys
Asp
80

Ser
Asp
Thr
Leu
Thr
160
Ala
Gln
Thr
Gln
Asp
240
Ser
Ile
Asp
Ser
Ser
320
Gly

Gly

Ser -

Gly
Leu
400
Thr
Ile
Leu
Gly
Cys
480
val

Pro

Pau tuong - gen lién quan dén OsNRT2.3b

tgctacgtac ttgaattcaa
gagtaacagg
acaccacagc
tcttctcect
cctgcttegt
acctcaccaa
caaggctecgc
tcatcatgct
acatagcggt

tccatgcatg
gtccctacag
gttttcaaac
tcettettea
gacaacctta
agcatcttct
tgcgecttcee
gctgcggggt

-90-

ttagttatta
aagagaacaa
caaatttgct
ggccaatccc
ctcgacattc
aagcgacatt
aatgggtgca
ttcggccect
tcggttettg

60
120
180
240
300
360
420
480
540



attgggttct
agtaagatta
gccactcagce
ttcactgett
cttgtcctca
ggtgatgtag
acatggattt
gtcattgctg
gctgcttcat
gttgcagcca
ttaggagggg
gccatgatcc
cctttcatct
tttgggtctg
ggtctctect
ttcccacagt
gaattctatt
agtctcaaat
acacctccaa
tgaaacataa
taagaaatct
gagttgtcta
tgctgagtat

cgttggcgac
tagggcttge
tcataatgcc
ggaggattgce
ctctaggcca
ctaaagacaa
ttgctctcct
agtatttcta
ttggaatggce
ggctgtttgg
ttttctgtat
tgttctctat
caagaaggtc
gcctcaccca
tgatgggtgt
ggggtagcat
acacctctga
ttgctgagaa
atgcaactcc
ttactgagca
tgtaacatgt
cttgtggtaa
caatagtatc

gtttgtgteg
gaatgggact
tttggtgtat
cttctttgtt
ggacttgcct
gttttccaag
ctatgggtac
tgacagattt
aaacttagtt
catgagggga
ttggcttggce
aggagctcaa
tttggggatc
attggtcttc
aatgatagtg
gtttctacca
atggaatgag
tagccgatct
cactcatgtc
gtattgggaa
agacatagaa
gtcataagta
aaaaaaaaaa

26897

tgccagtact
gctgeggggt
gagcttatca
ccgggtttca
gatggaaacc
gtgctatggt
tccatgggag
aatctcaagc
gctcgacctt
agactctgga
cgtgccaatt
gctgcatgtg
atatcaggtc
ttttcaacct
gcttgcactc
ccctcaaaag
gaagagaagc
gagagaggaa
tagccatagce
tgaagaacca
tgttctggtt
tcataatcag

ggatgagcac
gggggaacat
gaagagctgg
tgcatgtcat
tcggggectt
atgccataac
ttgaattaac
tacacactgc
ttggtggata
ccctttggat
ctcttcctat
gtgcaacttt
taactggtgc
ccaaattctc
taccagtgag
atgtcagcaa
agaagggttt
agcgagtggce
acttcaatca
tgagttgaag
ctggtttgcg
tatgtcaatg

gatgttcaac
gggtggtgga

ggctactccec -

catggggatt
gcggaagaag
aaattacagg
aactgacaat
tggaatcatt
tgcttcagat

cctccaaacc-
tgctgtattg

tggcatcatt
aggtggaaac
tactgccaca
tgttgttcac
atccactgaa
gcaccagcaa
ttcagcacca
aagaagatca
aattttctaa
tgtggtgtaa
cagatcttga

- 600

660
720
780
840
900
960

1020

1080

1140

1200

1260

1320

. 1380
©1440

1500
1560

1620

1680

1740 .

1800

1860 -

1890

<210> 9
<211> 530
<212> PRT
<213> Glycine max

<220>

<223> Trinh tu axit amin cta Pau tuong
<400> 9 :
Met Ala Glu Ile Glu Gly
1 5
Gly Arg Glu Gln Thr
20
Thr

- gen lién quan dén OsNRT2.3b
Val
15

Val

Ser Ser Met
10

val

Ser Pro Gly His Gly Thr
Ile
30

Glu

Phe Val Ala Ser Ala Ser Pro Pro

25
Phe Leu Val His

Thr Thr

35
val

Ala Ala
40

Ser

Serx
45
His

Asp Lys Proc Asp Lys

Phe Met Thr
55 .

Ser

Ala Pro
60

Phe

Ala Lys Phe Leu Leu Asn Arg

50
His

Lys

Val Thr Phe
80

Thr

Ile
70
Val

Phe Phe Phe Thr Ser

65
Ala

Leu Ser Trp Cys

75
Asp Leu
95

Ser

Ala Ala Pro Leu Pro Ile Ile Asn Leu Asn

85
Gly

Arg
90 .
Ile Ala val
100

Leu

Ala Val
105

Val

Ser Asn Gly Ser Ser Gly

110
Gly

Lys Asp Ile

Leu Pro
1125
Thr

Phe Ala Met Ala

120
Met

Ser Arg Met
115

Cys.

Gly Cys Asp Arg

Ala Phe Ile Val Phe
135

Asp Ala

150 .

Ala Thr

Ala Pro
140

Ala

Tyr Gly Leu Leu Ser

130
Ser

Cys

Ile Val Phe
155

Cys

Met
145
Ile

Phe Val Lys Ala Gly Tyr Arg Leu

160
Gln Met Ser
175

Ala

Gly Phe Phe Val Ser

170
Leu

Leu
165
Ser

Ser Tyr Trp
Thr
190

Met

Thr Met Phe Asn Ile Ile Ala Asn Ala

180
Asn

Lys Gly
185

Ala

Gly

Ile
205
Phe

Gly Trp Gly Met Thr Gln Leu Pro Leu

195
Glu

Gly Gly Gly

200

val Ile Ala Ala Thr Pro Thr Ala

220
Val

Leu Arg
215

Pro

Tyr Trp
210

Ile

Arg Gly

Phe Val Ile
230

Gly

Met Ile
240

Ala

His
235
Asp

Arg Ala Phe Phe Met Gly

225
Leu

Gly

Val Thr Gln Pro Asn Leu

250
Asp

Leu Leu
245

Gly

Leu Gly Gly
255

val

Asp

Leu Val Ala Phe Ser Lys Leu

270
Leu

Arg Lys Lys
260

Ile

Asp Lys
265

Thr

Lys

Ala
285
Val

Ala Ile Phe Leu

275
Ser

Trp Tyr Thr Asn Tyr Arg

280
Leu

Trp Tyr

val Glu Ile Ala

295
Asn

Thr Thr Asn Glu

300
Thr

Gly Tyr Met
290

Phe

Gly Asp

Ala Ile Ile .
320

Gly

Phe
310
Met

His
315
Ala

Tyr Leu Leu Gly

305
Ala

Tyr Asp Arg Lys

Ala Phe Ala Val Phe

330
Phe

Pro Gly
335

Arg

Ser Gly Asn Leu

325
val

Arg

Ala Ala Ala Met Gly

350
Cys

Leu Leu
345

Leu

Tyr Ser Asp Gly

340
Trp

Arg Arg

Val Phe
365
Ala

Thr Ile Gln Thr Ile

360
Pro

Leu Leu
355

Arg

Trp Gly Gly Trp

Leu Gly Ala Asn Ser Leu Ile Ala Val Leu Met Ile Leu

-91-



370

Phe Ser Ile

385
Pro Phe Ile
Ala Gly Gly

Thr Ser Lys

435

Ile Val RAla
450

Gly Ser

465

Glu

Met

Phe Tyr

Leu His Gln

Gly Lys Arg
515
Val

530

His

<210>
<211>
.<212>
<213>
<220>
<223>
<400> 10
atggctgaga
acattcgtag
ctcccagtag
cacatgagaa
gcagcagcce
ggaaacgccg
gtctgtgacc
accgtgttct
atagggttct
agtaagatta
gccactcagce
ttcactgctt
cttgtcctaa
ggtgatgtag
acatggattt
gtcattgctg
gctgcttcat
gttgcagcca
ttaggagggg
gctatgatcce
cccttcatct
tttgggtctg
ggtctctcct
tttccacagt
gaattctatt
agtctcaagt
acacctccga
<210> 11
<211> 530
<212> PRT
<213> Glyc
<220>
<223>
<400> 11
Met Ala Glu
1

Gly Arg Glu

10
1590
ADN
Glyc

Thr Thr
35

Ile

Asp
Ala Lys
50
Phe His
65
Ala

Leu

Ala Ala

Lys Ser Asp

Gly Ala

Gln

375

Ala Ala

390

Ser Arg
405
Asn Phe
420
Phe Ser’

Cys Thr

Phe Leu
Thr
485
Ser

Tyr

Gln
500

Val Ala

ine max

ttgagggttc’

cctcaattge
actcagagca
ccttececacct
ctcttgtcee
gggttgctte
tattaggtcc
gcatgtcctt
ccttggcaac
tagggcttge
tcataatgce
ggaggatagc
ctctaggcca
caaaagacaa
ttgccctect
agtatttcta
ttggaatggc
gattgtttgg
ttttctgtat
tgttctettt
caagaaggtc
gcctcaccca
tgatgggtgt
ggggtagcat
acacctctga
ttgctgagaa

.atgcaactcc

ine max

Ile
5
Gln Thr
20
Thr Ala

Phe Lys

Ser Trp
Leu
85

Gly

Pro

Ile
100

Arg
Gly
Thr
Leu
Pro
470
Ser

Leu

Ser

Glu Gly
Phe
Lys
Leu
Ile
70

val

Asn

Ser Leu

Ser Gly

Ala Thr
440
Pro Val
455
Pro Ser

Glu Trﬁ

Lys Phe

Ala Pro

520

Trinh tyu axit nucleic cua

tcctggaage
ttctccaatt
caaggccaag
ttcttggatc
catcatccge
tgtcteccgga
acgttatggc
tgtgaaagat
gttcgtgtca
gaatggaact
tttggtgtat
cttctttgta
ggacttgcct
gttttccaag
ctatgggtac
tgacaggttt
aaacttagtt
catgagggga
ttggcttggce
aggagctcaa
attggggatc
attggtcttc
gatgatagtg
gttcctacca
atggaatgag
tagccgatcc
cactcatgtc

Trinh ty axit amin cua P&u tuong

Ser Pro

Val Ala

Phe Ala
40
Phe Ser
55
Ser Phe

Pro Ile

Ala Gly

Gly

Asn

Ala

Met

26897

Ala
395
Ile

Cys Gly
Ile
410
Leu Thr Gln
425
Gly

Leu Ser

Ser Val Val
val
475

Glu

Lys Asp
Glu
490
Glu Asn
505
Thr

Pro Pro

380

Thr Phe Gly

Ser Gly Leu

Leu Val Phe
Met
445

Phe

Leu Gly
His Pro
460
Ser

Lys Ser

Glu Lys Gln

Ser Arg
510
Ala Thr

525

Asn

Ser-

Ile Ile
400
Thr Gly
415

Phe Ser

430 -

Val Met

Gln Trp

Thr Glu
480
Lys Gly.
495
Glu Arg

Pro Thr

pau tuong - gen lién quan dén OsNRT2.3b

tccatgcatg
gtccccacag
attttcaaac
tccttcttca
gacaacctta
agcatcttct
tgtgccttee
gctgcggggt
tgccagtact
gctgeggggt
gagcttatca
ccgggtttca
gatggaaacc
gtgctatggt
tcaatgggag
aatctgaagc
gctcgaccct
agactctgga
cgagccaatt
gctgcatgtg
atatcaggtc
ttttcaacat
gcttgcactce
ccatcaaaag
gaagagaggc
gagagaggaa

Ser Ser
10

Ile

Gly
Ser Ala
25
Leu

Pro Val

Ala Asn

Phe Thr Cys
75
Ile Arg Asp
90

Val Ala

105

Ser

Ser

gagtaacagg
acaccacagc
tcttetecat
cctgcttegt
acctcaccaa
ctaggcttgce
tcatcatgct
acataatggt
ggatgagcac
gggggaacat
gaagagctgg
tgcatgtcat
ttgcggectt
atgccataac
ttgaattgac
tgcacactgc
ttggtggata
ccctttggat
ctcttcctat
gtgcaacttt
tcactggtgc
ccaaattctc
ttcctgtgag
atgtcaacaa
agaaaggctt
agcgagtggc

- gen lién quan

Met His Gly

Ile

2
3

Glu

Pro

Ser
45
His

Asp
Pro Met
60
Phe

Val Ser

Asn Leu Asn

Val Ser Gly

110

-92-

aagagaacaa
caaatttgct
ggccaatccc
ctcgaccttc
aagcgacatt
aatgggtgcg
ctcggcccca
tcggttettg
gatgttcaac
gggtggtgga
ggctactccc
catggggatc
gcagaagaag
aaattacagg
aactgacaat
tggaatcatt
tgcttctgat
cctccaaaca
tgctattttg
tggcatcatt
aggtgggaac
cactgccaca
tgttgttcat
atccactgaa
gcatcagcaa
ttcagcacca

dén

Val
15
val

Thr
Pro
His Lys
Arg Thr
Phe

80
Thr

Thr

Leu

Ser Ile

60
120
180
240
300

360 .

420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1590

OsNRT2.3b



Phe Ser Arg
115
Tyr Gly Cys

130
Met Ser
145

Ile

Phe

Gly Phe

Thr Met Phe

Gly Trp Gly

195

Val Tyr Glu
210

Arg Ile Ala

225

Leu

Val Leu

Leu Gln Lys
Ala
275

Ser

Trp Tyr

Gly Tyr
290
Tyr Phe
305
Ala

Tyr

Ala Ser

Tyr Ala Ser

Thr Leu
355
Arg

Trp
Leu Gly
370
Phe Ser
385

Pro

Leu

Phe Ile

Ala Gly Gly

Thr Ser Lys

. 435

.Ile val Ala
450

Gly Ser

465

Met

Glu Phe Tyr

Leu His Gln

Gly Lys Arg
515
val
530
<210>

<211>

<212>

<213>

<220>

<223>

<400> 12

ccacgcgtece
ggcagctggt
caagggcaag
ctcgttegtg
cttegtctece
cacgggcaag
tctcgecatg
actgctcacc
gctcgtgege
gagctccatg
caacctgggc
gatcggcagc
gacgttctcg
taagctgcac
ggtcacgaac

His

12
1875
ADN

Leu
Ala
Val
Ser
Asn
180
Asn
Leu
Phe
Thr
Lys
260
Ile
Met
Asp
Phe
Asp
340
Trp
Ala
Gly

Ser

Asn

420

Phe
Cys

Phe

Tyr

Gln
500
val

Ala
Phe
Lys
Leu
165
Ser
Met
Ile
Phe
Leu
245
Gly
Thr
Gly
Arg
Gly
325
val
Ile
Asn
Ala
Arg
405
Phe
Ser
Thr
Leu
Thr
485

Ser

Ala

Met Ala
120

Met

Gly

Ile
135
Ala

Leu
Asp Ala
150 :
Ala Thr Phe
Ile

Lys Ile

Gly Gly
200
Ala

Gly
Arg Arg
215
Val Pro
230

Gly

Gly

Gln Asp

Asp Val Ala

Asn Tyr Arg

280

Val Glu Leu
295

Phe Asn

310

Met

Leu

Ala Asn

Ala Ala Arg

Gln Thr
360
Pro

Leu

Leu
375
Ala

Ser
Gln
390
Arg

Ala

Ser Leu

Gly Ser Gly

Thr Ala Thr
440
Pro Val
455

Pro

Leu

Pro Ser

470

Ser Glu Trp

Leu Lys Phe

Ala Pro

520

Ser

Hordeum wvulgare

Trinh ty axit nucleic cua

gctcattgca
gagatggagg
ttcaggatac
aggccgcaca
accttcgecg
gacatcggca
ggcacggcect
acccccgcegg
ttcttcacgg
ttctecttege
gggggcgcecg
acggatttca
gccatcgeceg
aagagcgggg
taccgcgect

tacgaggttg
gggagtccaa
cggtggactc
tgagcgectt
cgccgeeect
acgccggcat
gcgacctggt
tgtactgctc
gcttecteget
ccaaggtggg
tgcagctcect
tcgegtggeg
tgctggegtt
agatgcacaa
ggatcctggce

26897

val Cys Asp

Leu Ser Ala
Ile
155

Cys

Gly Tyr

Val Ser
170
Gly Leu Ala
185
Ala

Thr Gln

Gly Ala Thr
His
235
Asp

Phe Met

Pro
250
Asp

Leu

Lys
265
Thr

Lys

Trp.Ile

Thr Thr Asp
His
315
Ala

Lys Leu
val
330
Phe

Leu

Leu
345
Leu

Gly

Gly Gly

Ile Ala Ile
Ala
395

Ile

Cys

Ile
410
Thr

Gly
Leu Gln
425
Gly

Leu Ser

Ser Val Vval
Val

475

Lys Asp

Glu
490
Glu

Asn Glu
Ala
505
Thr

Asn

Pro Pro

Lia mach -

ccaacactac
gccggeggcg
ggacaacaag
ccacctctcg
cctgcecgete
cgcgtcegtg
cgggccecge
cgccatcatc
cgcctecette
gctggccaat
catgccgcte
cgtecgectte
cgggcaggac
ggacagcttc
gctcacctac

Leu. Leu
125

Thr

Gly
Pro val
140
Met

Val Arg

Gln Tyr Trp
Thr
190

Met

Asn Gly
Ile
205
Phe

Leu

Pro Thr
220

Val Ile Met

Gly Asn Leu

Phe Ser Lys
i 270
Ala Leu
285
val

Phe

Asn Ile

300

Thr Ala Gly

Arg Pro Phe

Met Arg Gly
’ 350

Val Phe Cys

365
Leu Ala Met
380
Thr

Phe Gly

Ser Gly Leu

Val Phe
430
Gly

Leu
Leu Met
445
His Phe Pro
460
Asn

Lys Ser

Glu Arg Gln
Ser
510

Thr

Ser Arg

Ala
525

Asn

Pro Arg

Phe Cys

Phe Leu
160
Met Ser
175
Ala Ala

Pro Leu

Ala Trp
Ile
240
Ala

Gly

Ala
255
vVal Leu

Leu Tyr

Ala Glu

Ile Ile
320
Gly Gly
335
Arg Leu

Ile Trp

Ile Leu

Ile Ile
400
‘Thr Gly
415
Phe Ser

Val Met

Gln
Thr Glu
480
Lys Gly
495
Glu Arg

Pro Thr

gen 1ién quan d&én OsNRT2.3b

acaggtgtag
atgggggtgce
gccaccgagt
tggttctcet
atccgggaca
tccggcgccg
ctggcgtcecg
gagtccgcecet
gtgtcgacgce
ggcgtegecg
gtgttcgagg
ttcatccecgg
atgccggacg
ggcaacgtgc
ggctactcct

-93-

cagcagccaa
aggcggcgec
tctggetttt
tcttctgetg
acctcggcect
tgttcgegeg
cggccatcat
cgtecgttect
agttctggat
gcggctgggg
ccgtccgeaa
gcgtcatgceca
gcaactaccg
tgcgccacgce
tcggegtgga

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900



gctcgecgtg
cacggcecggg
cgggctcatg
gtgggtcgtg
gttcggegeg
gctcacgttce
gaccggcegge
caagtacaag
gcccatcacg
ggcgacggcg
cagcgccgeg
gtcgggcage
tccgaagagce
cacggccgcece
cgcacgccgg
ttaccttaat
aaaaaaaaaa

gacaacatcg
ctcatcgecg
tcecgactgge
cagaccatcg
tcggtggecg
ggcatcgtgce
ggcggcaacg
acggagacgg
ctcatctact
gaggagtact
accgagcgtt
cagtcaaggc
tccecgtact
cgggtttggg
ctttgtgctg
actgctccge
aaaaa

tcgcgcagta
ccagcttcgg
tctccgaccg
gcggcatcct
tcatgatcct
cgttcgtgtce
tgggggcegt
ggatcatgta
tcccgcagtg
acagcaagga
tcgcggagaa
acaccgtccc
acgtggtcca
ccgtctteecg
cttctagtac
atgttgatgt

26897

cttctacgac
gatggccaac
gttcggcatg
ctgcatcgtg
cttctecttce
gcggaggteg
gctgacgcag
catggggctg
gggcggcatg
gtggaccgag
cagcgtgcge
cgtcgacggc
cgggtgcaat
tgcacatacg
tgtacgtacg
ttatatgctc

cgcttcgacg
atcatctccc
cgcggcagge
ctcggcatcg
ttcgtgcagg
ctggggctca
gtcatcttct
atgatcctgg
ttcgtcggge
gaggagcgtg
gagggcgggce
tcgeceggecg
gggggaatac
tagtactacg
tttgggtttg
ccttgtgaaa

tcaacctcca
gceegggcgg
tgtgggggct
tcgactactc
cggcgtgegg
tctccggaat
tcecgeggceac
catgcacgct
cgcggaaagg
ccaaggggta
ggagggcggce
acgtgtgagg
gatcgegtcg
aacgcacgca
gtgtgctcge
tacagtttta

960

© 1020

1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1875

<210> 13
<211> 514
<212> PRT
<213> Hordeum vulgare
<220> -
<223> Trinh tu axit amin cia Lta mach - gen li&n quan dén OsNRT2.3b
<400> 13
Met Glu Gly Glu Ser Lys
1 5
Lys Gly Lys Phe Arg
20
Phe

Gln Ala Ala
15

Thr

Pro Ala Ala Met Gly Val Pro
10
Ser Ala
30

Phe

Ile Pro Val Asp Asn Glu

25
Pro

Asp Lys

Phe Val Met Ala His Leu

45
Phe

Leu Ser His Ser
35
Phe

Phe Trp Arg
40 :
Cys Thr Ala
60

Leu

Ser Trp Ser Phe Phe Phe Val Ser Ala Pro

50
Leu

Cys
55
Ile Arg
70

Ile

Pro Leu Pro Leu Asn Leu Thr

65
Ile

Asp Gly
75

Gly

Gly Lys Asp

80
Ala Phe Ala Arg
95

Ala

Gly Ala Ser Val Ser Val

90
val

Asn Gly
85

Thr

Ala

Ala Met Ala Pro Leu Ser

110
Ser

Leu
105
Pro

Leu Gly
100

Ile

Cys Asp Gly Arg
Thr
120

Leu

Ala Ala Ile Val Ala Ile

115
Ser

Leu Leu Thr Ala Tyr Cys

125
Phe Phe Phe
135

Ser

val Phe
140

Met

Ile Glu Thr
130

Leu

Ala Ser Ser Leu Arg Gly

Thr Phe
160
Gly

Ala Phe Val
150

Gly

Ser Ser Gln Phe Ser Ser Met

145
Ser

Trp
155
Val Ala Val Ala
165

Gly

Ser Pro Leu Asn Gly

170
Leu

Lys Gly Gly Trp
175
Val Phe
190

Arg

Ala Val Gln Leu Met Pro Leu Glu

185
Asp

Asn Leu Gly Gly

180
Val Lys Thr Ala
200

Gln

Ala Arg Ile Ser Phe Ile Ala Val

195
Ile

Gly Trp
205
Ala Ile val
220

Arg

Phe Phe
210

Phe

Val Met
215

Pro

Pro Gly Thr Phe Ser Ala Leu

Ala His
225
Ser

Gly Gln Met
230

Lys

Asp Asp Gly Asn Tyr Leu

235
Asn

Lys Lys
' 240
val His Ala
255
Tyr

Glu His Ser Phe Leu

245
Arg

Gly Met Asp Gly

250
Ala

Arg

Val Thr Asn Ala Ile Leu Leu Thr Ser

265
Asn

Gly
270
Tyr

Tyr
260
Glu

Trp Tyr

Phe Val
275
Phe

Ala Val Ile Vval Ala Gln

285
Ile

Gly Leu Asp Phe

280
His

Tyr

Thr Ala Leu Ala Ala Ser

300
Gly

Val Leu
295

Ile

Asp Arg Asn
290

Gly

Asp Gly

Ile
310
Arg

Phe
305
Asp

Met Met Ser
320

Leu

Asn Ser Pro Gly Leu

315
Gly

Ala Arg Gly

Trp Leu Ser Asp Phe Met Leu

325
Thr

Gly Arg
330

Leu

Arg Trp Gly

335

Val val Gln Ile Ile Val Gly Ile

340
Ser

Ile
345
val

Leu
350
Leu

Trp Gly Gly Cys

Val Phe Ala Ala Val Met Ile

365
Ile

Ser Phe Ser
360

Gly

Asp Tyr
355

Val

Gly

Phe Phe Phe Val Phe

370
Ser

Gln Ala Ala Cys Leu Thr Pro

375
Gly

Gly
380
val Met Thr
385

Gly

Leu Ile Ser Gly

400
Thr

Leu
390
Val

Arg Arg Ser Gly

395
Ile

Gly Gly

val Ala Thr Phe

405
Glu

Gln Val
410

Tyr

Asn Gly Leu Phe Arg Gly

415

Lys Tyr Lys Thr Thr Gly Ile Met Met Gly Leu Met Ile Leu

-9Y-



Thr
435
Val

Ala Cys

Met Phe
1450

Lys Glu

465

Glu Arg

Trp
Phe

Ser Gly Ser
Asp Val
<210>
<211>
<212>
<213>
<220>
<223>
<400> 14

- atgggggggyg
aggatcccecg
ccgcacatga
ttcgecggcge
atcggcaacg
acggcctgceg
ccggeggtgt
ttcacgggcect
tcctecgecca
ggcgeegtge
cggttcacgg
atcgeccgtge
accggggaga
cgcgectgga
aacatcgtgg
atcgccgceca
gactggctct
accatcggcg
gtggcagtca
atcgtgcegt
ggaaatgtgg
gagacgggga
atctacttcc
gagtattaca
gagcgtttcg
tccaagcata
agaccatagt
cgccggtctg
cctttgtctt
aaatacttct
aaccatgttt
ccgcgtctat
<210> 15
<211> 515
<212> PRT
<213>
<220>
<223>
<400> 15
Met Gly Gly
1
Lys Ala Lys

14
1900
ADN

Phe Leu
35

Phe

Trp
Ser Trp
50
Pro Leu
65

Ile

Leu

Gly Asn

Leu Ala Met

Ala Ala Ile

115
Ile Asp Ser
130
Leu

Ser Ala

420

Leu Pro

Gly Pro

Thr Glu

Ile
Arg

Glu

Thr Leu
440
Lys Gly
455

Glu Arg

470

Ala Glu
485
Gln Ser

500

agtcgaagcc
tggactccga
gcgcgttceca
cgccgetget
ccgggatcge
acctggtcgg
actgctcgge
tctecectgge
aggtgggtct
agctgatcat
cgtggcgegt
tggcgttegg
tgcacaggga
tcectggeget
cgcagtactt
gcttcgggat
cggcccggtt
gcgtectctg
tgatactctt
tcgtgtegeg
gcgeegtget
tcatgtacat
cgcagtgggg
gctcggagtyg
cggagaacag
ccgtececcgt
gtacgtttcg
gttacgtgcg
gttgctgtaa
gtaggtgtac
tcttatattg
tattattcgt

Glu Ser
5
Phe Arg
20
Phe Ser

Ser Phe

Pro Leu

Ala Gly
85

Gly Thr
100
Ile Leu

Ala Ser

Ser Phe

Asn

Arg

Lys
Ile
Phe
Phe
Ile
70

Ile
Ala
Leu

Ser

val

Ser Val

His Thr

Ala
Ala
Arg

val

26897

425
Ile

Tyr Phe

Thr Ala

Lys Gly
475
Glu Gly
490 .

Pro Val

505

Brachypodium distachyon

Trinh ty axit nucleic. cia

ggcggcgatg
caacaaggcg
cctgtegtgg
gcecgctcate
gtcggtgtcg
ccececcgectg
catcatcgac
ctccttegtg
ggccaacggc
gccgetggtg
ggccttctte
gcaggacatg
cagcttcege
cacctacggc
ctacgaccgc
ggccaacatc
cggcatgcgce
cgtggtgcectc
ctcectgtte
gaggtcgctg
gacgcaggtc
gggggtcatg
cggcatgttc
gaccgaggag
cctgcgcgag
ggacggatca
tatgtctcge
ttggcttttt
aaggttgtca
gtcactgaaa
ctagtatatt
aagatacttc

Brachypodium distachyon

Trinh ty axit amin cta Co

Pro

Pro Val

Ala Ala Met

Asp

Coé dua dai
gatgtggagg
acggagttct
ttctecttcet
cgggacaatc
ggcgeegtgt
gcgtcegegg
tcggegtegt
tccacgcagt
gtggccgggg
ttcgaggtcg
atceccgggeg
ccggacggca
aacgtgctgce
tactgcttcg
ttcggegtca
gtctcgcgece
ggcaggctgt
ggcgtggtgg
gtgcaggccg
gggctcatct
atcttcttcc
atcatcgcgt
accgggcecge
gagcggaaga
ggagggcgga
ccgecggecg
gtctataacg
tatgtgttgt
aatactccac
ggaaactgtt
cgtttttctt
cgatcgaaaa

dta dai - gen lién

Asp
10

Ser Asp

25

Ala Arg
40
Cys Cys
55
Arg Asp

Ala Ser

Cys Asp

Thr Thr
120
Phe Leu
135

Ser Thr

Pro
Phe
Asn
val
Leu
105
Pro

Leu

Gln

His Met

Val Ser

Leu Gly
75
Ser Gly
90
Val Gly

Ala Val

Val Arg

Phe Trp

430
Gln Trp
445

Glu

Pro

Glu
460
Tyr

Tyr

Ser Ala

Gly Arg Arg
Ser

510

Asp Gly

- gen lién

cgccgtccaa
ggctcttctce
tctgctgett
tggggctcac
tcgegegtet
ccatcatact
cgttcctget
tctggatgag
gctggggcaa
tgcgcaagat
tcatgcagac
actaccacaa
gccacgcggt
gcgtggagcet
acctccacac
€gggcggcgyg
ggggcctgtg
actactcctt
cgtgcgggcet
ctggcatgac
acgggtccag
gcacgctgcc
ggccggggge
aagggtacaa
gggccgcegte
acgtgtgaag
agtcatacgg
accttttggce
ttttcttttce
catatggcat
atttcgacga

vVal Glu Ala
Ala
30

Phe

Asn Lys
Ala
45
Phe

Ser
Thr Ala
60

Leu

Thr Ala

Ala Val Phe
Leu
110

Ser

Pro Aig
Tyr Cys
125
Phe Phe
140

Met

Thr

Ser Ser

-05-

Gly Gly

Tyr Ser

Ala Thr
480
Ala Ala
495

Pro Ala

quan dén OsNRT2.3b

ggccaagttc
cttcgecgegg
cgtgtccacc
ggccaaggac
cgccatgggce
gctcaccacc
cgtgcgcette
ctccatgtte
cctecggegge
cgggagcacyg
gttctcggee
gctgcacaag
caccaactac
cgccgtggac
ggcggggcte
gctcatgtce
ggtcgtgcag
cggcgegtcee
caccttcggce
cggcggcggg
gtacaagacg
catcacgctc
cacggcggag
cgccgcgaca
gggcagccag
aaaatcccat
tcgeccacggt
ttttggtgcet
cgcagacgtg
ccacatacaa
aactagcatt

Pro Ser
15
Thr Glu

His Leu

Ala Pro

Lys Asp
80
Ala Arg

Ala Ser

Ala Ile
Gly Phe

Met Phe

60"
120
180
240
300
360
420
480
540
600
660
720
780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1900

quan d¢én OsNRT2.3b
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145 ' 150 155 160
Ser Ser Pro Lys Val Gly Leu Ala Asn Gly Val Ala Gly Gly Trp Gly
165 170 175
Asn Leu Gly Gly Gly Ala Val Gln Leu Ile Met Pro Leu Val Phe Glu
180 185 190
Val Val Arg Lys Ile Gly Ser Thr Arg Phe Thr Ala Trp Arg Val Ala
i 195 200 205
Phe Phe Ile Pro Gly Val Met Gln Thr Phe Ser Ala Ile Ala Val Leu
210 215 220
Ala Phe Gly Gln Asp Met Pro Asp Gly Asn Tyr His Lys Leu His Lys
225 230 : 235 240
Thr Gly Glu Met His Arg Asp Ser Phe Arg Asn Val Leu Arg His Ala
245 250 . 255
Val Thr Asn Tyr Arg Ala Trp Ile Leu Ala Leu Thr Tyr Gly Tyr Cys
. : 260 265 270
Phe Gly Val Glu Leu Ala Val Asp Asn Ile Val Ala Gln Tyr Phe Tyr
275 .- 280 285
Asp Arg Phe Gly Val Asn Leu His Thr Ala Gly Leu Ile Ala Ala Ser
290 295 300
Phe Gly Met Ala Asn Ile Val Ser Arg Pro Gly Gly Gly Leu Met Ser
305 310 315 320
Asp Trp Leu Ser Ala Arg Phe Gly Met Arg Gly Arg Leu Trp Gly Leu
325 i 330 335
Trp Val Val Gln Thr Ile Gly Gly Val Leu Cys Val Val Leu Gly Val
: 340 345 350
Val Asp Tyr Ser Phe Gly Ala Ser Val Ala Val Met Ile Leu Phe Ser
355 360 365
Leu Phe Val Gln Ala Ala Cys Gly Leu Thr Phe Gly Ile Val Pro Phe
- 370 375 380
Val Ser Arg Arg Ser Leu Gly Leu Ile Ser Gly Met Thr Gly Gly Gly
385 390 : 395 400
Gly Asn Val Gly Ala Val Leu Thr Gln Val Ile Phe Phe His Gly Ser

405 410 415
Arg Tyr Lys Thr Glu Thr Gly Ile Met Tyr Met Gly Val Met Ile Ile
420 ‘ 425 : 430
" Ala Cys Thr Leu Pro Ile Thr Leu Ile Tyr Phe Pro Gln Trp Gly Gly
) ' 435 440 ; 445
Met Phe Thr Gly Pro Arg Pro Gly Ala Thr Ala Glu Glu Tyr Tyr Ser
450 } 455 460 :
Ser Glu Trp Thr Glu Glu Glu Arg Lys Lys Gly Tyr Asn Ala Ala Thr
465 : 470 475 480
‘Glu Arg Phe Ala Glu Asn Ser Leu Arg Glu Gly Gly Arg Arg Ala Ala
) 485 490 : . 495
Ser Gly Ser Gln Ser Lys His Thr Val Pro Val Asp Gly Ser Pro Pro
500 505 510
Ala Asp Val
515
<210> 16
<211> 8
<212>  PRT
<213> Oryza sativa
<220>
<223> C&u tric cam bién &6 pH
<400> 16 '
Val Tyr Glu Ala Ile His Lys Ile
1 5
<210> 17
<211> 22
<212> ADN
<213> Trinh ty nhén tao
<220>
<223>. Poan mdi xudi
<400> 17
ggaattctca caccccggcc. gg
<210> 18
<211> 26
<212> ADN
<213> Trinh ty nhén tao
<220>
<223> ©DPoan mdi ngugc
- <400> 18
cgggatccat gtggggcggc atgctc
<210> 19 ‘
<211> 21
<212> ADN
<213> Trinh ty nhén tao
<220>
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<223> MAu do lai héa tai chd ARN - trinh tu ding lam khudn

<400> 19 . :
cgatggttgg gtgcggcgag a 21
<210>. 20 . : :

<211> - 21

<212> " ADN

<213> ' Trinh ty nhan tao

<220>

<223> MAu do lai héa tai chd ARN - trinh ty khéng dung lam khudn
<400> - 20 :

gctaccaacc cacgccgctce t 21
<210> 21 ‘ ’

<211> 13

<212> ADN .

~<213> Trinh ty nhé&n tao

<220>

<223> - boan mdi xudi dung & phan tich PCR dinh lugng - OsNRT2.3b (AK072215)
<400> - 21 : .

cgttcgecgt gtt 13
<210>. . 22 .
<211> 18

.<212> ADN

<213> Trinh tu nhén tao

<220>

<223> Doan mdi ngugc dung d& phan tich PCR dinh lugng - OsNRT2.3b- (AK072215)
<400> 22 .

tcgaagcggt cgtagaag : } : 18
<210> 23 : :

<211> 19

<212> ADN

<213> . Trinh ty nhan tao

<220>

<223> Poan mdi xudi ding d& phéan tich PCR dinh luong - Actin
.<400> 23

ttatggttgg gatgggaca ' 19
<210> 24

<211> 18

<212> ADN

<213> Trinh tu nhén tao

<220> : :

<223> Doan mdi nguoc dung && phan tich PCR dinh luong - Actin

<400> 24

agcacggctt gaatagcg 18
<210> 25

<211> 30

<212>  ADN

<213> Trinh tu nhén tao

<220>

<223> DPoan mdi xudi dic hiéu cho cic chu tric bidu hién qud mic (Vecto:pCAMBIA1302)
<400> 25 .

atccatggag atctcagggc acagcggatg . -~ 30
<210> 26

<211> 27

<212> - ADN

<213> Trinh ty nhén tao

<220>

<223> Poan mdi nguoc dic hiéu cho céc clu trac bidu hién qua mac (Vecto: pCAMBIA1302)
<400> 26 .

atccatggag atctacaccc cggccgg 27
<210> 27

<211> 28

<212> ADN

<213> Trinh ty nhan tao

<220>

<223> DPoan mdi xudi dic hiéu cho cdu tric bidu hién qua mic (Vecto: pTCK303)
<400>. 27

caactagtgc. taccacgtgt tggagatg ) 28
<210> 28

<211> 27

<212> ADN :

<213> Trinh ty nhén tao

<220>

<223>  DPoan mbi ngugc dic hiédu cho chu trtc bidu hién qua mic (Vecto: pTCK303)
<400> 28
gaactagtga gcaaaccacc aacaagc 27
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<210> 29

<211> 25

<212> ADN .

<213> Trinh ty nhén tao

<220> .

<223> Doan méi xudi ding d& tach dong cép hai

<400> 29 ‘

aatcagatct ttggagctcc accgce ‘ . 25
<210>- 30 :

<211> 24

<212> - ADN

<213>  Trinh ty nhén tao-

<220>

<223> ©Poan méi ngugc dung d& tach déng clp hai

<400> 30 :

cagaactagt cccccectcg aagg ' 24
<210> 31 .

<211> 25

<212>  ADN

<213> Trinh ty nhén tao

<220> S

<223>  Doan mdi dic hidu cho th& dot bién H16TR-F

<400> 31 )

gccattcgaa agatcggtag cacgc 25
<210> 32

<211> 25

<212>  ADN :

<213> Trinh ty nhan tao

<220> .

<223> Trinh ty ban diu

<400> 32 .

gccatccaca agatcggtag cacgc 25
<210> 33 ‘

<211> 30

<212> ADN .

<213> " Trinh ty nhén tao

<220> :

<223> Poan mdi dic hiéu cho th& ddt bién H167R-R

<400> 33 :

gcattctaga ttcgaatggc ctcgtacacg : 30
<210> 34 :

<211>: 30

<212> ADN

<213> Trinh tu nhén tao

<220>

<223> ©Poan mdi dic hiéu cho thé &6t bién 67RB-R

<400> 34

gcattctaga ttcgaatggc ctcgtacacg 30
<210> 35 . ) :

<211> 18

<212> ADN

<213> Trinh tu nhén tao

<220>

<223>  DPoan mdi xudi dung && phan tich PCR dinh lugng ddc hiéu cho OsNRT2.3a (AK072215)
<400> 35

gctcatccge gacaccct 18
<210> 36

<211> 18

<212> ADN

<213>' Trinh ty nhén tao

<220>

<223> Poan mdi ngugc dung && phan tich PCR dinh luong dic hiéu cho OsNRT2.3a (AK072215)
<400> 36 '

gtcgaagcgg tcgtagaa 18
<210> 37

<211> 13

<212> ADN N

<213> Trinh ty nhén tao

<220>

<223> DPoan mdi xudi dung && phan tich PCR dinh lugng ddc hiéu cho OsNRT2.3b (AK072215)
'<400> 37

cgttcgeegt gtt ) 13
<210> 38 : '

<211> 18

<212> ADN

<213> - Trinh ty nhan tao

<220>
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<223> Poan mdi xudi dung 4&& phan tich PCR dinh luong ddc hiéu cho OsNRT2.3b (AK072215)

<400> 38 : : L

tcgaagcggt cgtagaag .18
<210> 39 i

<211> 19

<212> ADN

<213> Trinh ty nhén tao

<220> . : ) : .
<223> Doan mdi xudi dung d& phan tich PCR dinh lugng déc hiéu cho OsActin (NM 197297)
<400> 39 , .
ttatggttgg gatgggaca . 19
<210> 40 : i }
<211> 18

<212> = ADN

<213> Trinh ty nhén tao

<220> i .

<223> Poan mdi ngugc diing d& phan tich PCR dinh lugng ddc hiéu cho OsActin (NM_197297)
<400> 40 ; ¥ .
agcacggctt gaatagcg S 18
<210> 41

<211> - 10

<212> ' PRT

<213>  Arabidopsis thaliana

<400>. 41 . K

Phe Phe Val Gly Phe Ser Leu Ala Asn Phe

1 . 5 . 10

<210> 42

<211> 9

<212>  PRT i

<213> Arabidopsis thaliana

<400> 42

Glu Ile Leu Ile Gly Gly Leu Gly Asn

1 5 .

<210> 43

<211> 10

<212> PRT

<213> = Arabidopsis lyrata

<400> 43 )

Phe Phe Val Gly Phe Ser Leu Ala Asn Phe

1 5 - 10

<210> 44 '

<211> 9

<212> . PRT

<213> Arabidopsis lyrata

<400> 44

Glu Ile Leu Ile Gly Gly Leu Gly Asn

1 5

<210> 45

<211>- 10

<212> PRT

<213> Capsella rubella

<400> 45

Phe Phe Val Gly Phe Ser Leu Ala Asn Phe

1 : 5 10

<210> 46

<211> 9

<212> PRT

<213> Capsella rubella

<400> 46

Glu Ile Leu Ile Gly Gly Leu Gly Asn

1 5

<210> 47

<211> 7

<212> PRT

<213> Capsella rubella

<400> 47

Phe Ser Val Ala Ser Pro Ile

1 5

<210> 48

<211> 9

<212> PRT

<213> Capsella rubella

<400> 48

Leu Trp Ile Ile Gln Thr Ala Gly Gly

1 5

<210> 49

<211> 7
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Gly Gly

Pro Gly Phe
10

Gly Gly Val Phe
10

Gly Gly

<212> PRT

<213> Populus trichocarpa
<220>

<221> Trinh ty 18i

<222> (1) ..(7)

<223> Potri.009G008500
<400> 49 .

Phe Ser Val Ala Ser Pro Ile
1 5

<210> 50

<211> 9

<212> PRT

<213> Populus trichocarpa
<220> . )

<221> Trinh tu 158i

<222> . (1)..(9) .

<223> Potri.009G008500
<400> 50 !
Leu Trp Ile Ile Gln Thr Ala Gly Gly
1 5 !
<210> 51

<211> 7

<212> PRT

<213> Populus trichocarpa
<220>

<221> -Trinh ty 18i

<222>  (1)..(7) ,
<223> Potri.009G008600
<400> 51 L

Phe Ser Val Ala Ser Pro Ile
1 5

<210> 52

<211> 9

<212> 'PRT

<213> Populus trichocarpa
<220>

<221> - Trinh tu 18i

<222>  (1)..(9)

<223> - Potri.009G008600
<400> 52

Leu Trp Ile Ile Gln Thr Ala
1 . 5

<210> 53

<211> 10

<212>" PRT -

<213>  Cucumis sativus
<400> 53

Trp Arg Ile Ala Phe Phe Val
1 5

<210> 54

<211> 11

<212>- PRT .

<213> Cucumis sativus
<400> 54

Leu Trp Ile Leu Gln Thr Leu
1 5

<210> 55

<211> 7°

<212> PRT

<213> Malus domestica
<400> 55

Phe Ser Val Ala Ser Pro Ile
1 5

<210> 56

<211> 9

<212> PRT

<213> Malus domestica
<400> 56

Leu Trp Ile Ile Gln Thr Ala
1 5

<210> 57

<211> 7

<212> PRT

<213> Prunus persica

<400> 57

Phe Ser Val Ala Ser Pro Ile
1 5
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<210> 58

<211> 9

<212> PRT

<213> Prunus persica
<400> 58

Leu Trp Ile Ile Gln Thr Ala Gly Gly
1 5 :
<210> 59 .
<211> 10

<212> PRT

<213> . Glycine max’

<220>

<221> Trinh ty 18i
<222> (1)..(10)
<223> Glymal3g39850

<400> 59 :

Trp Arg Ile Ala Phe Phe Val Pro Gly Phe
1 5 10
<210> 60 e

<211> 11

<212> PRT .

<213> Glycine max -

<220>

<221> Trinh tu 18i
<222>  (1)..(11)
<223> Glymal3g39850

<400> 60 S :
Leu Trp Ile Leu Gln Thr Leu Gly Gly Val Phe
1 : 5 : 10
<210> 61 ‘
<211> 10
<212>  PRT
<213> Glycine max

220>

<221> Trinh ty 13i
<222> (1)..(10)
<223> Glymal2g30050

<400> - 61

Trp Arg Ile Ala Phe Phe Val Pro Gly Phe
1 5 . 10
<210>- 62

<211> 11

<212> _ PRT

<213>  Glycine max

<220>

<221>' Trinh tyu 18i
<222>  (1)..(11)
<223> Glymal2g30050

<400> 62

Leu Trp Ile Leu Gln Thr Leu Gly Gly Val Phe
1 5 10
<210> 63 :

<211> 10

<212> PRT

<213> Brachypodium distachyon

<400> 63 ) .
Phe Phe Ile Pro Gly Val Met Gln Thr Phe
1 5 10
<210> 64

<211>. 9

<212> PRT

<213> Brachypodium distachyon

<400> 64

Leu Trp Val Val Gln Thr Ile Gly Gly

1 5

<210> 65

<211> 10

<212> - PRT

<213>  Hordeum vulgare

<400> 65

Phe Phe Ile Pro Gly Val Met Gln Thr Phe
1 5 10
<210> 66

<211> 9

<212>  PRT

<213> Hordeum vulgare

<400> 66
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Leu Trp Val Val Gln Thr Ile Gly Gly

1
<210>
<211>
<212>
<213> Oryz
<400> 67
gagcgceegge
ccaccggttg
ccgcgettte
cagtcactag
ggcgatggag
ggactccgac
ctccttccac
cgcgcgtcetg
tctgatccte
gtacctccte
ctggatgagc
ctggggcaac
ccacaagatc
gatgcagacg
ctacgggaag
ccacgccctc
cgtcgagctce
cctccagacc
'+ €ggcggcggg
ggggctgtgg
cttctecttce
gtgcgggctce
cgggatgacc
cggcacaaag
cacgctgccecce
gaagggggcc
‘gggtttcaac
gtcggcgaat
gtgaagaatg
cgtgtcgttt
acagtgaggg
gggggcacta
cgcttgttgg
agtcaaaact
<210> 68
<211> 1893
<212>. ADN
<213> - Oryz
<400> 68
agtcactagc
gcgatggagg
gactccgacc
tccttcecaca
ccgctgetge
gggatcgegt
ctggtcggge
tgctcctcca
tcgctggegt
gtggggctgg
ctgctcatge
tggcgcatcg
gcgtteggge
cacaaggaca
ctggcgctca
cagtacttct
ttcgggatgg
agccggtacg
gtcctetgeg
gtgctcttct
gtgtcgecgga
gccgtgetga
aagtacatgg
cagtggggcg
cgggagtggt
gagaacagcg
gtccecgteg
ttgtagtaca
gggtcgtgge
cgcggtcacc
tacgggtttg

67
2000
ADN

5

a sativa

ctceccaccgg
ccctctegee
cgctatgcta
ctaagctgct
gtggaggggg
ctcaaggcga
atggcgtggt
gccatgggca
ctcaccacac
gtgcgcecttcet
tccatgttct
cteggeggceg
ggtagcacgc
ttctcggeca
ctccacaaga
accaactacc
accatcgaca
gccgggcectca
ctactctccg
actgtgcaga
gcecgegtecg
accttcggca
ggcggcgggyg
tacaagacgg
gtcatgctca
acggcggagg
gcggccageg
ggcggacagc
ccacggacaa
gaccgcgcgce
gtgtacgtgt
tacgctagta
tggtttgctc
ttttgatgceg

a sativa

taagctgcta
tggagggggt
tcaaggcgac
tggcgtggtt
cgctcatccg
ccgtgtcggg
ccaggctgge
tcatccagtce
cgttcgtgte
ccaacggcgt
cgctcgtgta
ccttcttcat
aggacatgcc
gcttcggcaa
cctacggcta
acgaccgctt
ccaacatcat
gcatgcgcgg
tggtgctcgg
ccttcttegt
ggtcgetggg
cgcagtacat
ggctcatgat
gcatgctcegt
cggatcacga
tgcgcgaggg
acgcgtcgec
actgtacaaa
ctegtgggcet
tcggtggcecet
atttacttct

tcgegtaaga
gcacccaacc
taagagctga
agccttgcta
tcgaggegge
cggagttctg
tctecttett
cggcgtgcga
cggcggtgta
tcacgggcat
cggcccccaa
gcgecgteca
cgttcacggce
tcgeegtget
ctggcgacat
gcggctggat
acgtcgtgca
tcgcecgecag
actggctctc
ccatcggegg
tcgecegtgat
tcgtgeegtt
gcaacgtggg
agaccgggat
tctacttccce
agtactacag
tgcggttcge
ccaggcacac
taaggtcgcg
gcgcacagtg
gtcgtggege
ctccagatat
cctgtggttt

gccttgcectac
cgaggcggceg
ggagttctgg
ctccttettce
cgacaccctce
cgccgtgtte
ctccgegtet
ccegtegggg
ggcgcagttce
ggccggegge
cgaggccatc
cccgggectg
cggcggcaac
cgtgctgege
cagcttcggce
cgacgtcaac
ctccecgecece
caggctgtgg
aatcgtcgac
ccaggccgcg
gctcatctcecc
cttcttccac
catcgcgtge
aggcccgagg
gcgcgagaag
cgggaggtcg
ggccggggtg
ttgatggtac
tagtggagta
tgggattggg
gtggatcgge

tcacgcccga
atcgcgccac
cgcgcagggce
ccacgtgttg
ggggggcaag
gctecttctece
ctgctgctte
cctggtcggg
ctgctectec
ctcgetggcg
agtggggctg
gctgctcatg
gtggcgcatc
ggcgttcggg
gcacaaggac
cctggcecgcetce
ccagtacttc
cttcgggatg
cagccggtac
cgtcctctge
ggtgctctte
cgtgtcgegg
cgccgtgcetg
caagtacatg
gcagtgggge
ccgggagtgg
ggagaacagc
cgtccecegte
gttgtagtac
tgggtcgtgg
gcgecggtcac
atacgggttt
ttgtgatggt

cacgtgttgg
gggggcaagc
ctcttcteect
tgctgcttcg
gggctcacgg
gcgegtcetgg
ctgatcctcc
tacctcctcg
tggatgagct
tggggcaacc
cacaagatcg
atgcagacgt
tacgggaagc
cacgccctca
gtcgagctca
ctccagaccg
ggcggcggge
gggctgtgga
ttctectteg
tgcgggctca
gggatgaccg
ggcacaaagt
acgctgcccg
aagggggcca
ggtttcaacg
tcggcgaatg
tgaagaatgc
gtgtcgtttg
cagtgagggg
ggggcactat
gcttgttggt

aatctttatt
gccgcgecge
acagcggatg
gagatggagg
ccgecggtteca
ttcgcgagge
gtgtccacgt
cccaggcectgg
atcatccagt
tcgttegtgt
gccaacggcg
ccgctegtgt
gccttcttceca
caggacatgc
agcttcggca
acctacggct
tacgaccgcect
gccaacatca
ggcatgcgeg
gtggtgctcg
tccttetteg
aggtcgctgg
acgcagtaca
gggctcatga
ggcatgctcg
tcggatcacg
gtgcgcgagg
gacgcgtcge
aactgtacaa
cctecgtggge
ctcggtggcce
gatttacttc
aatcatactc

agatggaggc
cgcggttcag
tcgcgaggec
tgtccacgtt
ccacggacat
ccatgggcac
tcaccacacc
tgcgcttett
ccatgttctc
tcggeggegg
gtagcacgcc
tctecggecat
tccacaagac
ccaactaccg
ccatcgacaa
ccgggctcecat
tactctccga
ctgtgcagac
ccgcgtecgt
ccttecggeat
gcggcggggg
acaagacgga
tcatgctcat
cggcggagga
cggccagcgt
gcggacagcc
cacggacaat
accgcgcgcg
tgtacgtgtg
acgctagtac
ggtttgctcc
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cattttctct
gctgccggag
tacgtacaca
ctaagccggt
ggatgccggt
cacacatggc
tcgeegtgtt

cctcegegte

cceccgteggg
cggcgcagtt
tggccggegg
acgaggccat
tcecegggect
ccggcggcaa
acgtgctgecg
acagcttcgg
tcgacgtcaa
tctececgecee
gcaggctgtg

gaatcgtcga -
tccaggecge.

ggctcatctc
tcttcttcca
tcatcgcegtg
taggcccgag
agcgcgagaa
gcgggaggtc
cggccggggt
attgatggta
ttagtggagt

ttgggattgg

tgtggatcgg
atactcaaac

taagccggtg
gatgccggtg
acacatggcc
cgccgegecg
cggcaacgcc
ggcgtgecgac
ggcggtgtac
cacgggcatc
ggcccccaaa
cgccgtccag
gttcacggcg
cgcegtgetg
tggcgacatg
cggctggatc
cgtcgtgcac
cgccgccage
ctggctctce
catcggcggc
cgccgtgatg
cgtgccgtte
caacgtgggc
gaccgggatc
ctacttcceg
gtactacagc
gcggttegeg
caggcacacc
aaggtcgcgg
cgcacagtgt
tcgtggegeg
tccagatata
ctgtggtttt

60
120 .
180
240 .
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260 .
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2000

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
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tgtgatggta atcatactca tactcaaaca gtc ) 1893
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Fig.1
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Fig.2
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Fig.3
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Fig.3
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Fig.4
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Fig.6
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HE APV AMEVECVEAA GORP RF BMPVIE DLEA TEFW] FSF AR PHMA SFHUMAWFS FrOCEY
HEAR PV AV ECVEAAGCEF FF PV LG ILEA TE W [ S oF ARFHA SFHMARFS FFCLFY
ARV AV ESVEAA GG P R PPV DS IL FA TE R L SPARFHMA SPILARTS FECLCRY

STFAAPPLIFLIADTLGLTATOIGRAGL ASVEGAVF AR LANGTACDEVGPRUAS ASLILL
SIF AVFARLAMGTACDINGPRLARASLILL
EHP-— —— A FARLAMGTACDLVGPRLAS ASLILL

TTPAVY RS ISP S YL LV R FTCL SLAS PV SAGF WIS P SAPR VG LANGVALG WG L
TIPAVTCSSE ISP EGYLLVEF FI GIEL ASFY SACF PSSP SAPR VG LANGVAGEFRENL
TIRAVYCSSE Y SPEGTLIVEF FIGI SLAS PV AU WSS AP SAPK Ve LANGVAGERGHL

GROAVOLLMPLVYEATHE IGST PR TARS IATF IFGLMR TR SA DA VL AP GRIMFGONYREL
GEEAVOLEMPLYYEATHEIGST PP TANR IAFF IPCLMQ TP SA LAVL AF GOIMPGOYGEL
GECAVRLLIPLVYEALHR IG ST PR IARE IATF P GLMQ TR SA TAVL AP GRDHPG ONTOEL

HE TG DHHRIC oV LR HALT I BRI LA LT YR YEFGVELT IV VECY FY IRFDYNLATA
HR IR G FeRVLRHALT Y RGRI LA LT Ve Ve FVELT IDEVVEQY FYIRFIVNIATA
HE TG IR DS Fe sV LR EA LT MY BGWI LALT Vo US FGVELT IDRY VEQY FY DEFDVRIOTA

GLIAASFGYANT IZRPCOGLIS WIS SR YO NRGRINGLPT VR TIGEVLOVVLGI VDFEFA
GLIAASFCMART ISRPGLLLLE PR LS SR VMR GRLEGLWT W T I GCVLOVVLGIVDEEFA
GLIAASFCUMANT ISRPCOEL LS DR LA SR YG B CRLWGLATVOTEGE VLCVVLGI VDFSFA

ASVA VUL FEFF WAACGLTFG IVPFVE RRELGL IS QTG RGOV AV LT OY IFFHOTEY
ASVAVMVL PSPV QAACGLT PG IVPF VSRR SLEL IS O TG COR VR AV LT OV IFFHGTEY
AV P FFVQAACGLT P IV PP VS RRSLGL ISR TG0 VG AV LT QY IF FHGTERY
FTET GIEN MG M ITACTL PV TY FPOR GOML VG FREG AT AR EY YSRERS THER EEGF A
FTETGIEYMGIM ITACTL VI IV FPOR GCML VG PERGAT AREY YSREREIHER ER GF XA
ETETGIE MG LM ITACTL PV IV FPOR GEML VG ERRZAT AEEY YR BERS IHER EEGF 2
ASVEFAENGVREGERESSANGRQPEHTVPVDASPAGY 516
ASYRPAENEVEEGERS SANGGAFRHI VP VDASFAGY

ASYRFAERCVEECCRESANGLOPRHETVPVDARPAGY 486
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